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2 V-y 



[«*JH2] 

3 ] flftge^ 2 ©#mtt/^ ^ - >®*tfisgifi^ 

hyyifmy3mz-s.\<^\z^^\^xMm^tirz'Pfs.< t% 

^mizmm^^i>mm^^t^m-r^z.t^^miir^ 
m^i^m 1 ;stibw*3R5©ii-rti*^ i mz^Wi<DmBM 



vrmm-mzm^-^titcm 2 ©mttwsp^j-i, 

ft^m^^ 1 ^£</ibtt*a7 ©li-rn^ujatcs®© 
m^m 9 ] sasBH 1 ©attsfe JttxtatBm 2 ©sstt 

B©5-^©^:^<ai'&-;^tt. — •^/y^l'St^^Sfctt^ 

^t;®^©^^■rn*i^•g•^^«^ J: 0 ;i t Srif^lS tt- 
1 ;^t,^L.tt*]«8 ©ti-rn*^ 1 «lC|S«©»Km^ 

m^m 1 0 1 flftsm 1 ®ett^*5 jcotw^m 2 ©fis 

ttB©^-^©ii^)5:<<i:t)-;^«, T'EAyyT.-^^t:^ 

tsttn^ <ofs.^z.L i<^Wiiz-ri>m^m i u^-^ bit 

8 ©Vi-f 1 WzUMi0>m\^^-^v H. 
1 1 ] tmr'EJiyrT.^^ii. 

- A 3 h®t^^©i/i-rti!6^Tfc 

[a*]«i2i fBS»Ewc*Hpi-r^^»jgii^M!6iii« 

^bT^[R]-r5 2'C)©m®s^tj> m^^zmn.m^zm^^ 
$nfciii©«iiS*5j;tJc®2©«sttBt, c:ne.©2 

ggiS^T'gxh^tc, ftSIBH 1 ©?^ttBdt> mltBtB®«« 

ipjffi*^ e r ©Si 0 ssti-sgs fcMft-r -5 
tcfB&iK<^©BBeb h 7 i7^ii*«s■rs-*'li^»»** 
■r*^l©^SE^4B«54)•«r■&t^»leaa'^•> H©S{ji*S 

wiB^ 2 ©mtts©«ifB^^ -y •:fm\zm'r^m(o~mz 

©Mft^J^© 3 ^ ©M^-^i|sa5^i'©Mfi«i^l*llCfi[a 
bTMtBi^B©MmI>^©'e:M^^^-r^J:-5(c, SilfB 

mmmo-^^utm i ©#mtt/i^->?:j^fiK-r^x 

MfB=P^ y:^Bfc*5tt2., flSIB^lW^Jltt/t^-^dt 
jS-r-5Sa:«S^ct<il©Slc»bTMffiTSJ;5lC. fltrgB 
«ei&ffl©-SS&?S:T^ 2 ©*fi8tt/^^->4J^^^^X 

y H©StjS*&. 

1 4 ] Miam 2 ©^fiStt/t^' ->©««!«© 

fi[g*i , S«IB^ 1 ©#ijStt/i i'-y ©gHftss©^:® <*: 0 
fcft$*lfiHc^ii-rsj;5lc. Sf||Bm2©#fiSttAi5'- 

y^i^^t^:it.^<^WLt.-r^mimi 3ib«©»]Kss 
[W*3® 1 5 ] mmw, 1 ©«8ttBa5^© ^ ©i!>:^ < 

t t)BfIIB-:t1SSK^^=&mIBB^-v >y 7^)l©¥S;^tM^±lc 
©Viftid^ 1 iW>zUW.<Dnwm%^y H©SSji:&i*. 

1 6 ] mmw, 1 ©mi4BSB^j ^ e> ic. 
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3 V-y- 



Lm^m 1 5 ® i^rn*^ i mizmm(Dmmm^^y k 

■r-5m2(D«3txei:, 

1 9 ] MS2m 1 Oiatfe^SP4J-Jc;fettSBai2a 
^a5^)-ttftlB^;;5:< tt, 2o©««?S|55)-tJCctoTH* 

1 cOJKttWSE^)-©— gPtgP^WJc:^— A'-^<y:/l,TlK 
MIB^ 2 ©«i4BSI54J-iS9IBm 2 ©mttra t tc 



f 3 -T — > Sr JgjEg-r -5 XS t , 

-f ;i'«^it©*®Srff«LT¥aYb$-a-.5Xgt. 
•5J:-5»cSfrlB^2romtt«gB^J-^JPliK-rSi:l^^tC, m 

- > * ji^fiETs xe t.^^^z.h ^i^m t 

2 2 ] mW.m 1 ®JH4S*3<i:tXHfriB^ 2 

lis*^ 2 3 ] safBrn 1 (^mam^j: zfmmm 2 ©ss 

1 2;S:tiL.i»:J<:S2 1 ©liTtld^ 1 :a»ClB«©^M«[^ 

^m^'>^::iz^^mtr^mji^m2 smmcommm^^ 

[0 0 0 1] 
[0 0 0 2] 

ta (£tT. MR (Magneto Resistive ) tlBf. ) 

[0 0 0 3] mm^-y h*®tt«g©^^, iB&2g«<&it;je) 

mi)i$>?>. zmztblztt. ffiS^-v-;/:/ (write gap)* 

:iti=s:mm-^ rci6\zit^m»mxummm $ nx t> 
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4 V-y 



[0 0 0 41 Cl^Tv 03 l~gl3 6Sr#flgLT. tJE* 

[0 0 0 5] cicr>fi3g:*r&-rtt, s-r. 03 1{c:S^L.fc 
i^fC. ^SJA.liTJl'^-T ^vi? (A 1 2 O3 • T i C) J: 

0 1 m^im{t7)v^=.'yM. (a 1 

2 03 ;&rf. miz ^y;^5■^-J tt^^o ) ^OU^fi^ 

mmio2^i^5. o~io. 0 ummm.(Dm^'cmm 
t^. 'Aiz. mmmi 0 2±iz. n^^y Kfflcr)T^-> 
1 0 3 ^mm-r^o 'A\z. Tm>'-)vvm 1 0 

3_hlC. ^JA«T;P5-M$:1 0 0~2 0 Onm©iP^ 
T?7./t>y>it«b, >y 1 0 4 SrJ^fiKT 

•5. 5>C{C, v'— ;i/H^^-\'>yy)|gl 0 4 JiC. S^fflCDM 
Rig^?:«frrS;^*©MRl^l 0 5*ia:+nm©Jpi^ 

McOJ^^^lC/t:? — ->i^T^. 'AiZ. MRMl 0 
fljt. r<DMRMl 0 5 t«»S?JfCgli^S5l^aib« 

ssiibTCDU-Kn (0s-a-r) ^m^vtccDt,. 

0 5±{c, ~^—)V]r-^\'v:fmi 0 & mrm 

10 5 Y^WfmiOA, 10 6 rtfca^T 

^. :;^tc. H^^^^/T'Mi 0 6 Jiic, s^^->H 
"DVfk^^ (N i F e ; JEAT, ^IC r/i— vp-f (MSL 

[0 0 0 6] :k\z. 03 2{c^L:fc«fcp{c, TSPS^ffii 

v':fmi os^W^V. c<DiBS=^^^>>:7^)li 0 8J1 

\z. ^mm.(r>y^v^)'Jif^y.^\z^K)y^vv-J7.h 

Ml 0 9«:B?^CD/t:S'— >i:;i5:-5J:3tC}gJ^T^. 

\Z. hl^v'Xhllil 0 9±{c> ^;l«Je)-:?#StCJ: 

(cu) ^Y)u^mmm<D^mt^^yvm(^ 

1 0 QiJiZJC^Kn-fjH 1 o^SpJc'StcbT, SSffi 
ftO^* hiJVi/7:7-fJC<j;D7* hl^S^XHIitl 1 1 

-r;H 1 0<D^#^^1©*e^ffccDfeJ6{c:, 

hKi 1 1 {c*fLT. csjA«2 5 oftcoaSTinl^Ma 

[0 0 0 7] 'A\z. mz'i\z^htz^o\z. nm:^-i)v 

1 1 O^K>%W^ (03 3tC*tt^*» Wft®{C*5t.^ 

T, mii^^<Dt:Lib\z. umL^xy:^mi osw-sbs 

S|54^•W^CXy^>i/'bTMPSBl 0 8 aSfl^^U, TSP 

mmi 0 7<D— gp^sm^ii^. ^^ctc, Tgcsssi 0 7 
^10 8 j:3tcLT, Mmamp^mm^mt^m 
m (OT. -hscmatti^. ) 1 1 2 sas?e«»c}^j«T 



[0 0 08] iSBfiSffi 112 ilrJ^J5K-r^:;&^i LTtt. 
4#M¥7 - 2 6 2 5 1 9^4;j?8»C^$nSJ:3 

^fflV^T±gBfiSSl 1 2^1^^-r^m^\Z\t. ST. 7 
* h U-v'X 1 1 1 T?at)nTllj4«(C^D±*i-pfc3 

y^^mz^r>xn^—=iyif\.x. i^-^'^^mmcDTztb 
(Dyu—A inm ^m^t^. mz. ^izmsscLrcm 

n-fiOifeSi&^^MSrJsKftSlirTigBeffil 1 2?£J^ 

[0 0 0 9] ^Oiggm® 1 1 2tt. fisj^li, ^r-s 

-i^SBl 1 2 a:fej;tX5j?-;|/^^;:?^l 1 2 b&■&^-T? 
-hggfiS® 1 1 2«, gingPl 0 8 atCiJV^TTSP 

mmi 0 7 izmmv. mm.mizmm^ti^. ^Aiz. ±^ 
mmi 1 2®— §5 12b) s-vxi? 

ibT, tH@^^>y:/)ll 0 8:fe<fcZ:rFgEm® 1 0 7CD 
^;^^-f:t>5U>i'fcJ;-DTi^*?e5(c«fio. 5Mm@ 

sx«y5^>^^ufc®% (03 5#sg) . ±m&mii2 
^mm-r^^ mwz, mmmr.'pmmr.miz^-DX. la 

[0 0 1 0] 03 4~03 6«. %fiS;Lfc4^ffiiD»KfiS 

T'^T U >ifm 12 0 fcSiiti^:?^|6)K::fettS»IK«^'\ 
>;/ KCD9f®<£«b, 03 5«l8ffigPi>©XT'^TU>:i^ 

®i 2 oiz^fff£:^fi>nziii-f^mm^w:^L-cmv, 0 

3 6tt5pg^jg^^L.xi.i2.. d^-C, 03 3tt. 03 
6tC:foltSXXXI I I -XXX I I lUfcXiofc^ffi 

mmizm^-r^o ua. 0 3 4~0 3 6Ttt, 

3— hSl 1 3^®0^i&^B§L.Tl'i-5. ^tz. 03 6 
mm=i-(JVl 1 0t5<J;DJ7* hWi/X hlKl 1 1 

(0 0 1 1 ] 03 4*3j;Ot03 6»CfeliT, TTHj « 
;^n— hA-f h (Throat Height ) €r^b, TMRHJ 
ttMR/W hSr^LTV^^. rrT, rxD-hA-fh 

(TH) 1. ttt, IE®'\>y F(Dtttl*ft)t-rSSHOo 
jS^n-f;H 1 0 «:<t6©^«g|5^i-tm 

mmiz^mt^tztb(Dmmm (.y^hui^T^v-mi i 

1 ) ©ftfeXT^T U 12 0 

«, -TJ^to-^XD— h/W hlfPteS (THOttB) *^ 



4^^2001-266309 



5 V 



(TH) «r«ig{t;T^i6^S;0^»^p C<^>XD-h/Wh 
(TH) tt. X.T^TU>ifmi2O^J^05it^^(Dm 

mm\z^r:>xmm^n^. ^rc. rMR/wh (mr 

H) J ^i^. MRIKI 0 5CD^t>XT^7U>^Sl.2 

m (MRHOffi®) *^iE>XT'<TU >^^® 1 2 0a)fi[a 
^-rcDS^T^^^. :iCDMR/W h (MRH) «>Sfc. 

[0 0 12] ^^iSa-v^:^ HcDtttg^St^T-SMHtL 
TH. XO-h/\-rh (TH) ^MR/W h (MRH) 
^(Dmiz. ms 4\z^Lrc:C'iy<y^XT>^)i^ (Apex 
Angle: 6) ifi^^o Z,(OX.^^yi;7s7yif}Veit. 

[0 0 1 3] 03 5iC^U;tck5tC. leS^^-^-^^ySl 
0 8 :fe<l:irFSKIKai 0 7 co^^^CD— gSiOtJigBfiSg 1 1 
2(Jyit^-)V^v^^\ 1 2 b{C*fLTgSS^WtCX>> 
^>iy;$tifc«jt«. hUA (Trim) ^ig^P^tfn^. 

•r^^<h7&^T#^o m^\z^\.tz. rp2wj HUA 

fcl^^o ) ^SLTl/i^o ^ coffins P 2 WCJDjDI^ffi 
hU A^ig^?^^-r^;^c«6cDx^y^>i^jria^fT5 

oyo^omm^^ 5 0 0 fc*f^TS?»4^(0*i 
tcfe^f^T^p H4'tc^l>;t rp2Lj ^ffigp 

^J^5 0 OcZ)-B6$:#|^T^:4^-;^^^;/ygBl 1 2 bCD/p 

MRJKl 0 ^(DmWiZ\X. dCDMRKl 0 5 

2 l;0^iatj'e,nT(^>^o 0 3 1-'S3 4T«. 

[0 0 1 4] 03 6JC^bfcJ:5J::. ±g8affill 2 

*cD;*cSB^i^^i&*^3-i^ggl 1 2a^, WW^V 
2W.hLTf5«-^(D4g^W-r^/}?— 1 2 
bir^WLxTV^^o a-i/gSl 1 2 ai:3p-;i/5">yyS5 
112 b tcDaM3B^3^lc:feliT. 3— i^SJl 1 2 a(3Di1- 
^tlXT^TU>^®l 2 0 t¥fT/j:SJC?^UT^Sa 

SPl 1 2 bcD^j&«. X7^TU>ifBl 2 0 t¥fT?a: 

4 5ST&0> i3ti9 0^T*^. ±l2LfcJc5JC, # 
-;P5">;/7'ggl 1 2 bti, fiSeigB^i^S 0 OcOhUASiig 

0 3 6 75^e>f^J'2)J;'5IC. 5J^-;i/5^-;ygPl 1 2 b«^a 



[0 0 15] iMmmcDmmnmm^mmzmx. 

^W^Z-2A 9 6 1 4^^«JCl5«d^ 

[0 0 16] 03 3(C:^bfc<i:'5;S:«lit&*'r^«e3fe(?[) 

-f;H 1 OtCiD^UfcfiS^tt. ±g5fi8Sl 1 2rtS:3 
--^§51 1 2 a75^^>}?-;i/5^^y:/gpi 1 2h\znt^r>X 
a«$e9JC3}t— ;i/^-/ygKi 1 2 b(D5fe«^SJB 
■r^o 3}t— ;i/5"-;:/g5i 1 2 bcDitSSJcSMLfcjS:^ 

[0 0 17] 

^\z^^^^:b-«. ±.mmm \ i 2CD#-;i.^-/:/gB 

1 1 2 b^RS*^o^^>Jcfi8m^«*&TSC:<i:7&^iK^^T 

[0 0 18] b^&^U;^;^^*'^. 03 3 tc^bfct¥3t^c7)|^^ 
m^^^y KTt^. ±SBBSffil 1 2<Z)2i^-;i.^^y::/'gBi i 

2 b <hTSBfi8ffi 10 7 <t<DraJC> iS^CD^lrifBS^ V 

1 0 8 bT^^gS^^tiTi^^Tico^o z.(r>tz.}sb. a— ^gp 
112 a:d^e»#-;P5^u/:?'gBl 1 2 b (cStAL';^^^C[) 

—mx. i!^—)v=5^vi^'^\\2\^(o9tmz\mm'^^ 

\Z. IBS^-v y@ 1 0 8 ^SjSLTTSBfiSffi 1 0 7 
eaSLTL^^o i^TT«. fB@^^-\'^yyMl 0 8^a 

}m-^z,t:\z^^±Mmm\ i 2 7&^6TgBmffii 07^ 

z.cD^'of^^mx. m\z. ±SHKffii 1 2(Do^(r>^m. 
fsMmi^^rvr:rm\ 0 8±icjg^$nfc«i^tx-r^^y 

^XgP±(C?|^fiE^nfcMJai:(Z)FBl(D®«l 1 2.S{C^(.i 
Xzmt-t^WS.! 1 2S7?(d:. _hgpm®l 1 2rt^0cf 

[0 0 19] ±iebfc rem(^«inj ^xV(d^oU 

[0 0 2 0] 1) \ 1 2;^^^TgBafiii 0 7^ 
mmimt\^^t.\z^^. ±Mmm \ 1 2f^*3-^gB 
112 ad^e>3}^— ;p^u/ygBi 1 2 b^ejBT^m:*<o 

1 OtcJ:r:>T^3feL;tS8^^7}^-;i.^^;;yg5i 1 2bO 

9t'^^it^\zm&-^^z.ht^-Ti^u<u^. :i<Drcisb. 

[0 0 2 1] 2) amc^^JiniCck^TgBffi® 1 0 7^flD 

\zm^tfim^'r^:iii\z^r). ^(D—mnf^'^^izT^m 

mi 0 7 2:3iiSLTMRlSl 0 5'siiMUfc«^JCtt, 
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6 K-y 



[0 0 2 2] y^mmi^i)^*^^mmi^izm^Tf3.-sntzh 

[0 0 2 3] 

«ttS*<J:t/m2©mttJlt. J:n^©2-p®fiStt«© 

D«in5fts*i6jcMft-r5 tmzmmmi^(DfEm h ^ 

■:fmizm-r^m(D-mzm\fi>tirmmzmm^tixm 
mm<D-m^u-rtmz^(ommt^<D&mi)^msim<Dm. 

1 ©#^jKtt/t:$'->©«taS;it^ 1 ©mttggf^j-© 

Mii««© 5 ©-fe<sgp^©Mffiffi^i^ (c-esf^ <fc 
5fcLfc%>©-e*s. 

[0 0 2 4] *^B^©»Wm^^<;/ H©Sjg;^Stt, 12 

mmmznt^-t^mmmwi^^mmoy-mz. ^mm^ 

©mffi«^tr> SUfcfi8awica«S$nfcBi©fiStt® 

tc, ^ 1 ©j8tt^*t|B»j««i:M[$)®*^ ^: ©®± 0 mn 

^«^-r^-^tig5^<&wr^m 1 ©attssB^j-^&^tj 

SIIHS^'V'^ H©Sijg;&&Tc5oT, ^2©flStt«©=P 
^ :;^SJC«-rsfflll©-?iBlcl9:lt ^nfciaSKlc, ^■©s 

mmm 1 ©*fi»«gBi)-©M«E® j^© 5 1. (o-^m^^ 
(DM&mi$Lfyiz^mvxmmm(Dmmm(oum^m^-r 

[0 0 2 5] i^mm(Dm^mm.^^y \^xit. mmm<D- 

gB^;^-rm 1 ©#^mi4/liS'->©SWSS3©&fitC J:^ 

T, *fiigt®©ftW«©fi[B*J«:tsn^. cir-e. rijs 

ig^)i©«M»©«i[13j i»&igkS©$gli©p^©§Bgl 

«Ef*?tr6)®trsfe)ati<B!i©ffiiHk©ffiM-e*s. mz. z. 

©m 1 ©#JKtt/t5'->©#«E{C J; D , ^©±*«:«*> 

e.T*®«'^©jK*©e«*^«!Msn*. 
[0 0 2 6] :^mm<Dmmm^^>y H*fctt-?-©s8ii* 



->Tt)m-r^mtitK^m(omizm-r^^oizmiEVx 
mmm ©-se&^^-rm 2 ©#^fistt/i ^~>^m^^^o 

[0 0 2 7] *^BJ©^^S8a'^-y HTtt. ^2 

©#lS1iA^->©gM«ja«l©^®*i, ^^-y;/®© 

[0 0 2 8] *f6W©»l^llSt'V'y HTtt, ^2 

©*«Stt/1^'->©«*l[^©«irB;5t^ 1 ©#^mtt/1iS'- 

>©SSfr®©ftS J; 0 fc«S^l6](c^)S-r ^ J: 5 c 

<D0mmn^—><Dmm±\zit)mrxmtE-r^j;:^\zvx 
[0 0 2 9] ^mm<om^m^^y K©S3t:*fe 

Ttt, m 2 ®#«tt/X3'->©«MSS©^«**^ 1 ©* 
fi814/1iS'->©«WSg©fiS<J: D fegS^^lfiUc^JiTS 

[0 0 3 0] *5!l«©»MS8»'\«y HSfctt^-© 

MjS*St?tt. ^ 1 ©attSSP^)-© 3 ©i!>fj: < t fe- 

r y •:fm(D^m.is.m.m±.\zm^-t^ii o \z 

[00 3 1] Sfc. *»l«©»Beffi^'S^y HSfctt^© 

mi3^\zm^\z^mvxuwL^nr^'pu< 2t?©s 
a^«jtc]aiii$-&sii<gM^)- 1 **r-r s J: 5 tc LT t> J: 

^©<J;3)^«-&(c«. m 1 ©®tt^gi5iJ-tc:felt^iS 
®«lr)^ji©-IKj6tai8?)ja.$ns J: 5 fcLTfe iti. 

[0 0 3 2] :^^^(Dmmm.m.^y V(Dmm.i3m 

^2©l^^14/tiS'->©Sfl(lSifi^©^®*^^A' 
>y>^^©«ffltC*fbT«^Lfc^iSSJiL, C©m2© 

*att/i^'->©i^iii±»c^ 1 <Dm^mm^a>mM^^ 
©^Bis^sapi'ptcLT^* M^i?x hg^jgdt-r 

Siet. ^■V>>7')l©¥S;'iM^lC:fett^7* hU-v^ 
Xh^©3*.. -Si|igP4i-©¥®J^4^i!C^t^5T^^JI^Sr 

■^tfM 1 ©«JiE?£iiSiWtc^^-r^® 1 ©s^xet. 
^ 2 ©#jKffi/XiS7->©^H®«di&^-\' yrfmow-m. 
fs.mmzi)^nx(Dmmz^n^y it vv'j7.vmo^o 

'>n.<ii%. mt&^^^^Tmm.'Si^^o^mm^^z 
ni^t^m 2 ©ffi«*a««jics^tTs^ 2 ©sijtxs 

t, 7*M^v'XMi©'5-fe©mi©®«*J;0:^2© 

««©^*©^^*-iSLT^0-rs;ii:lca:D7* h 

— ^*^tcj^fiK-r«>Xiet*-^tJj;5tcLTt>J;^>. ;i©J: 
±g2©^2©SJtXS{C:feViT, ^1© 
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7 V-y 



[0 0 3 3] Sfe, im^<K>mm&%.^v Y%fdit^(D 

[0 0 34],*fc, *«ig©^Mfi8»'\>y FtDSSit^fe 

©fiStt^SPiJ-, |g3©fi8tt«a5^i':fej;DCn'f;pgi^/'?^^ 

- > 3 J: -5 (cseiggo— !fB^:»STn -f ;PfflsSS * 

®¥ffiffi±fc. m 1 ®iiStt^gp^i-*5 itxn 3 (Dm^m^ 

[0 0 3 5] ^Tz. -4^^m(Dmmm»^y i^^tci-i^a) 

iSiiiSffiTtt, ^ 1 (Dmmm^^zfm 2 ©mttsoD 5 

7^r;l/7 r :^'^^^^ts^n^ K)tji^J:z>lzVX%i: 
* ttS^JUn - A n AVPh«t^^OD lifn*^<£ffl 
[0 0 3 6] 

mmommaymmi ^n^<Dm&o^mm\z-D\,^ 

[0 0 3 7] [Hi ®|^iS(D0^] 
<Sl^fi5^^-;; K©M3g5&ffi>S-r> 01 ~E 1 2 

[0 0 3 8] 01~E9»Ci3lvT> (A) HXT'^ZU 
>i''BtCSja;^»fS«:^b. (B) ttfi8ffigB^)-©XT'< 

T'J >y®{c¥ff:^»r®*^LTli^. 01 O~01 2 

0 1 0 tt. 04 LfcttSlt**j«: b, 0 1 1 tt0 5 {C 
*bfc;t«tli»CjlsH£:b. 0i2tt, m9\z^Vlt^mz1^ 

rcfzi^. mi i-p«. msiz^if^mmmi 5 
^o0^s#BS b. 012 -eti, @ 9 1 

5. 17. 18. 2 0. 2 1, »l^3'f;H 6. 19* 
J:Zf^—/^—:i—hm2 2^<DB3;<&=SlilSbTt»-&. 
[0 03 91 jJAT®Ui?«Ttt, m 1 ~S 1 2 (D^^^^iZ 



;&ipjSr rfi$;&[p]j . ziiA:^m=S: fm^:^\fli 

T*I6]) J ^rbT^IS-rSt^fC, Ytt;tr|ol©3-^©X 

[0 0 4 0] *^JS©}g|ifc#.5>Mji:;&S6T?{4, *-r. 
mi\zmVrzJ:oiZ. mX\tT)V'r-< (AI2O3 

•TiC) J:0;&:S»«1±{C, m?i\i7)VS.^^y}1S. 
^f(mm2t:m3. 0~5. O Mm©»*.-r*ftS|-r-5. 

:feJ:Z/i!6-p^MaSrfflViT. mti/t-TD-f (N i : 

xmmm\zmm\^x. Kffl©TSP>'— ;uh«3 

^K>ts.^W^m^mA. 0~5. 0 Mm©|p*--ej^^b 

fc©-fe . TSRv'-^w H e 3 ammt^ *T?«e»M®«H 

[0 0 4 1] 'A\Z. 0Hc*bfc»fc5JC, TgPv— JUF 
^iOl^-Sv— ;Ph'^^-y::^a4S:i^l 0 0~2 0 0 n 

moim^xmmf^. ^jk\z. ->-;i-K^-v-vyi^4± 
\z. \^^(Dm^x$>^u-RmT^m^-t^fzii> 

©M R M 5 Sr?SiKffi© 7 * h U V i/' 5 7 JC J: o Tfi)f S 

<D^^iiu^^o\zm^-r^o ^A\z. uRm5(r>mm 

JC, vl©MRI^5i:«^WfCjSiKr-a?l€rffibmffiSi: 

bT©'J-Hg (E^i*-r) ?£j^i£bfe©^, ;:©«j — 

H ->-)U \i^y^y:/f»4iS^ZSURm5±\Z 

[0 0 4 2] ^JC, @ltC^bfcJ;5JC, 5^— ^PK^-V 
^^T'l^eiJC, ±gPv'-;i'H@7Sr*?Jl. 0~1. S/i 

T[i<Dm^xm^mzi^^t^. ±gBv'-;PKS7©pj5e 

[0 0 4 3] :k\z. 0i(c^bfcJ;ptc. ±^f5>'-;UH 

•r^Kifi^^mimB^^^o. i5~o. inmcom^x 
mfSrr^. :k\z, iifmm8±iz. mA.vinimam^mm. 
^mT^mi^mn. m^a^itm (fcn) jiOfj^^r 
^mm9^m2. o~2. 5 um(Dm?f-xm^&3tzm^ 

-r^. ciciT. TSB{Kffi9©}gi!£«. RT©J;-5;*^|ia 
C J: Off 5. -r;a:to^. ST, «fiiRIK8±{c, m«x 

^ii-<^>S.iJ>i/iZ^-:>Xmit&im^Xy^>i/LX 

/'^^-~>if-r^:itizj:o. rmmmd^mnmizm 

J$.^^. 1^^. TSK8ffi9©JgfiE«»4:bTtt, ±12© 
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-Satt^^tbT. /l-VD'f (N i : 4 SfiM 
%. Fe : 5 5aS%) -^7^;U7 7;^^^^fflV^S«t 

3A*;i/htt^^ (CoFe) ^i^JVa-OArtZ-^JU 
(ZrCoFe) ;a:i:S:^Vi^;iidJT^^. 
-C, TSM8ffi9*t, *5S?^fc:fettS r^2©SSttej © 

[0 0 4 4] 'AlZ. 01tC*bfcJ;5{C. ±#:Sra'5«fc 
0iJ^«T;i'5:J-J;O^£'5i^K^^4. 0~5. 

[004 5] .kiZ. mUZ^VTziiotZ. TgBeS9± 
tZ. m«X/1-y^U>^k:ioT, maT;W5:hJ: 
Di^-STXi'Bfl^B 1 1 0 2:*50. 3~0. 5 umom 

n^—y-^Xi^ 1 0 a, 10b (02#flS) 

AiZ. j:®-7X^7HiligBl 1 OJitC0i|^«7* 

yiz-r^. ^ititCctt), vxi'Huis)!! 1 o-t®^^© 

&.mtz. y7fhUi^XbmJ:K)fS.^-rX^ 8 0 a, 80 
bd«i!*?Wt}^^KSnS. ft^v VXi^SOa. 80b 

^m^-r^m(D±m(D m^oy^m tit. m^it. t 

CO 0 4 6] ;*CJC. •7;^i'8 0 a, 8 0 bi£ffl«riT» 
^V£^)7i^^^:/'X:tyx.y^>if (Reactive Ion Etc 
hing:iy.T, m\z PR i ej tiip. ) (cJcoTvxi? 
mmmi l 0S:X>y5^>ybTn^-::i>i^-rscii:tC 

1 0 a, 10 b^mWJxJgfS-r^. -rxi/Wsm 
mil o^n^-~y:f-r^tL)fy<Dx.y=^y^^mti. 
TR I ESrffll/i^dttCJcD. -iTi-ys.^jyif^mi'^^ 

!|tlC, R I E(C<tSX-y5">i/MaSrff-5^fCtt. 
mm (Cl2) *3j;0:-lg'ft3j^a> (BCI2) ©a-^ 
(D{i^U< t%-:^^^tsx.y^yi/:»7.^m^^^<Di)m 
cin&©;«?XlfH»ft*ViTx-:/^>i)'5!i 
a©<b^R*?i:d^{EjiSn?.vl<hJCcfct). :iiy^yifmm 

l5©X-;;5^>i/M3S (R I E) tCj;oTVXi' 8 0 a. 

8 0 be^^fexyg^^'dj'sn, ::ne>©iKJPttM^i>t--5 



8 0 a, 8 0 b/6^*S#bi^V>ck5tCbTfeJ;lib (02 

[0 0 4 7] 'AiZ. 02fC^bfcJ;p»C. A3' — >VX 
i^lOa, 1 0 bSrfflViX, «»J;^tS-f:t>5 "J >i^{Cj; 
0. TgP^^9&31»?MtCl5 0. 3~0. SMmgSx 

T. Ta5aS9©5^©±*©-g|54)-*tjl*?«)fc|^*S 

n. :i(Dm^izm^9 J timsz-sn^. x-yg^>^Ma 

a (-f:^>5U>y) {Cj;oT/13'->-77.;? 1 0 a, 
i 0 be*|:t)X>:/5^>i^$n. c:n6©)K»ttM^!>-rs 
z.t.t.n.^. x.vj^yif^mifi^TVTz.m^x. n^- 
>vxi^l0a. 1 0 bdt^#-r-5±-5»CLTfe<J;ViL 

[0 0 4 8] ^{c. 0 2fc5^bfc<i;3tc, n^—y-^T. 
iflOa, 10 bfeJ:t/IHlSI59 J iZJzrjXm^^nTcm 

is^^jy^ifiz^D. m^ii7)vs.-j-mii v^m3. o~ 
4. 0 Mm©#^f jgfie-r«>. 
[0 0 4 9] :i*:tc. m^\itcMpmiz^-DX7)]^s.-rm 

1 1 p©*®^{^SW^LT, 03fr^bfcJ:3{c, GO 

§59 J \zm>ib&^ntcT)v^-r^K)f3i^^m:/-^^—y 

mm/'<^-yi loysi^mmt. m^a. '^m-r^mi 
7\zmvrc^oiz. '^j:miz^^^xmm-^n^±^t-— 
)l^y:ri 4 a:isJ:zmm=i^)Vi 6. i9^©Eia« 

«*-&tfj:5;5:®«-ca&s. mmm/-^^--yi 

fltf«©Sigt (EKT. miz rftHft«J ) (D^m 

MR^5©S^Sg©fiMtat^— iJtbTI/J 
ife8klK/i3'->i 1©«W«©«!:««. XD-hA 

< h (TH) ^^^-r^mo^mmtu^&im. tt£t>-^ 

x\ mmm/-^i$'-yi in^. :^mmiziii^^ rigi©# 
m^ns'-yi (D-MwmizMm-^. 

[0 0 5 0] 'A\Z. m 3 iZ^ VTc J:: o\Z. «f«^©¥JS 
J:OU^mm=^y y-:fmi 2^mo. 15~0. 2um 

©jp*Tjg<iET-5. ^m^^ry•:fml 2<Dmmi-ii. ^<D 
■^m^-r^mz\t.. ^igtciatiTesss^igggBi 4bd« 

Jgj«StlSra:t;5:«.ffl«t (TSemS9 ©p^©m<B!l© 

9t^I@tCfcUTJ^fi£$n^±gBaffil 4t*g^M$ 
-a:^fcJ?)©gBPgSl 2 kiifS:^. Z.Z.X. m@L^w:r 

»i 2*t, 3|wf6iq»c*5its r:^:^.y:/Hj (r>~^wm\z 
[0 0 5 1] ^^cJc, MP^12k (01 0-rf±H^1i- 
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©7* hW'v'X h^{C^:*L.T««J;lti2 0 0«^2 SOS 

4~0. 8MmgSdi»MTafe^. ciOJ:5:^{4glc^ 

:/ 1 4 a ©^j^gp 1 4 a (3) (04 
^ziii)i-v^^iimz, ^Sgpi4 a(3) ©rtgptciJit 
>i 3;0^ *^?gi::*3»t-5 r^2 
[0 0 5 2] 04*5,i:t;0i otc:*LfcJ;5fc. 

mmw^i$'~>i 3(Dmm(o^mmm^^^<Dt^:»iz^ 
i-f^w-mm^m^^^r-yymi 2±izim^T<Dmmtz. m 
A.iiyu-Atfi'D^miz^r). ±^mmi 4<D-^^m 

mT^±^^—)l'^y:/14a^m2. 5~3. 5um 

m^-r^mizit. mmtz, BgpgBi2ktc, ±'s^mmi 

X7'^7U>i/M9 0 (0cf(D&<Bi!) /O^effi 

JC. IBIiji^: (H^-fr-T) ±©fe@K^';/i7^gSM^■r 
S-«*i^&*•r S5fej^SKl 4 a (1) ife«gSl4a 
(1) ®'li<J;Dfe;*:$;^*s<&*-r^'4'rB^SBl 4 a (2) 
tfifeW 1 4 a (2) i 0 t>;»c^^*S$r*-r-5»j^S5 1 4 a 
(3) i:*-&A/T?t»5. ±S5'J^-;i'5^-vyi 4 acoffllitM 
!^»fct3V»Ttt, «]®-rs. ±SP5jt— 

4 aSJgfrg-rSISJCfS. Sf. X/1<;/^U 
>iyjcj:0, mMtb-:>^mz^n^-^-'^mt.l3.^mM 

(N i : 4 SmmX. Fe : 5 5«ffi%) *^^jS:SfcO!) 



T, y^vv'j7.hmoym^(Dm^^mism\zm%t 

[0 0 5 4] CCOt^, 7* h-I/v'X hWWilK^Tt 

mz. **ifi®jgffi-r«, sisfcS;^ 

-&SPgBS*-r-S2tt!IS®7* hVXi>*|g— 057* N 

TS»-r«.^<i:{Cj;0> -hg6jj^-;i'5^ y 1 4 aOD^Fffi 
[0 0 5 5] :k\Z^ ±fB(75^^z:g(CctoT7:t hUi? 

N i : 4 5S3l%, F e : 5 5Sfi%) J; O^^-Sig^si? 
— ;l^-;/7^1 4 a*»J5K-r-5. -5-©^. ^^hl/v'Xh 

-tgPTl?— ;P5^-;/7'l 4 a©JS-&i|Bii|cr)JgfSlj!|Sf 
:feJ;y:j^filc;^}£?&ffltiTfT3. -hgB3j^-;P5"->y l 4 a 

— vn-f (N i : 4 5a«%, F e : 5 5fi»?6) O 

[0 0 5 6];*ClC. 0 5:feiDC@l l»C^U3tJ;5t. 
±gEj}^-;U5^-;/yi 4 a^iimSS^i^gBl 4 b (01 
ItfttfiaSSSigggB 1 4 b<&0S^-tt-r. ) (DWlS^-^X^ 
tLT, 0iI;t«R I EtCctO, ±#:JC*«JO. 3~0. 4 

tB@^ir>;/7'ffli 2. Tw^mm^ ii^ismmmn^-> 

1 1©3*.. ±g5#-;P5^<yyi 4 a*5J;l/HKSSSi^g6 

1 4 b®^:4r©geiaM«£A^i-©M«*^as?MfcK5*s 
ti> fflOT»fe»ns. ;:©t€r, «agaK>'^tJ'->i 3© 
^ffl8©-gst)X»/^>i»'$n, ^ssns. c:©x<y5^ 



!^PI2001-266309 



10 V->' 



>^mmtzj: D . h u Ami&^m-r^mm^^ i o o *t 
SKI 4 a (1) iz%t^.r^^»t. M:^izm^nrzmm=^ 

R I E^fflUThUA^jg^&Wr^aSgBiM 0 0 

0 fe. m^SB^i- 10 0 SrM^WTjg^-rsr t*t-e^ 
^. aSSB^J- 10 0 ^m^T^TztbtZR I ElCcfc 

x^m^^^tmz. mxumt:! 0 om^2oom<Dm 
mfHtf3.?>^3izmm-r^coi)mm-v$)^. 

!&m<Dil:^!S.i:^iimm-^ti^z.iiiz^r}^ <tDSi^K-C 
aagg^i-1 0 Oi&jgfiE-r^c:t*t-r^^j5^e,T*s. 

(0 0 5 7]^{C, 0 5:feJ:a(t01 1 {c^L-fc<t3tC, 

<kr)/3i^i&smi 5^mo. 3~0. S MmO^^^-C?^ 

[0 0 5 8] yiziz. aetc^Lfcipic. ±SP/}^-;P5^ 
y 1 4 a ©eig^iSa; D (iSSSSE^SB 1 

4 h(Dmmm^^m<> \zm-f^w-^f3iimmi sji 
tc. m«^«iie)-D^s{cj;D, m^i-im (cu) j;o 
;S:^^#McDtB^'\>:, nfflo^igsoD^K^-r^n e 
**?ii. o~i. 5 Mm©j»^-cas?wtji^^5. 

1 6 s S:»M3-i';n 6 t-^Jcj^fig-r-So 

s^spi 6 s «, mm^i-fjvi 6 t^xsiciitiTj^^K 

$ti^zi'r;i.Sj^gpi 9 s a (08 (A) mm) t^&ft 

^mzmm'^it^rci^(D'h<o-x^$>:^^ 

[0 0 5 9] ^AiZ. m6iZ7^VtcJ::olZ. mm:3^jvi 

mmmmiz, mmmiz^mm^^r^n. m^ity^t h 

2 5 omcDrnmp^nz^if^mm-^mmmm'^mt, 

1 7 ^mmr^mzit. mm^i 7Ammz}-()vi eis 



[0 0 6 0] 0 6{C5^LfcJ:3tC, ^^I^^M^J: 

18p*«fj3. 0~4. 0 um<Dm^-C^mVX. ±SB 
*-;l'9^<y^l 4 a. fi8gg«i^8Pl 4 b. »lK3-f;H 

6isj;:z^a^)v^^^i e smiz^-oxm^t^nfcBa 
[006 1] mz. mxucMpm\z^'DT7}vs.i-m 

#-;V5^-y:/l 4 a:feJ;tXSSi^^iggi5l 4 b®jR;&*tg 

m-r^^x'ffo. Tjv^^oi^mmm^n^mizit. m 

5ff«M®±g53j?-;k5^>y :/ 1 4 a ©JS^^^dt*?; i . 
5~2. 5jumt;a:SJ;5{C-r-5CD*W$Lli, Igfl^^ 

1 8 (Dm0^mnt vxtjvz -^^^ao^Mmmmi^mm 

^is^-rz:i:^m±x^?>tmz. 

w-mizmfs,t^ z. 

[0 0 6 2] mz. m7iZml^tziiolz. M^llR I E 
^fzii^ ^ y S. V > if IZ J: 0. =i^)imm^l 6s(0± 
:&SrSoTli2.|fi«Kl 8<0~^^^^mZX.y^>if 

vxm^h. =i^)mm^i 6 s tmxmizisi^xme^ 
^ti^=j^j\^mm^i 9 s a (H8#M) t^mm.-^'S: 

•5fc«e>©IBPgBl 8 k$J^|£-r-5. 
[0 0 6 3] i»:(c, m8\Z^VfzJ:otZ. Wm^i^JVl 

6®±:*f(c*5tt^^JBfb$tife^^i 8±fc, mig 
a©^i^3-rjn 6^m0SiLrzm-^tmm(Dj:m<Dmm 

tf>-:>^mz^r)^ m^Um (Cu) J;0:^sm2^B® 

mm=i^jii 9>^mi. o~i. 5/zm®i?^^Ts«w 

*5tt^=3^;i.S^gBl 6 s±tzzi-f)mmmi 9 s a^ 
J^^b, Sfc, -ew^ifflWi^^gBJciJtt-SSfi^l^l 8± 
izmmi^l^l 9 s b*jg^S;-r-5, 3-i';i'Jgi^gBi 9 s 
aiSitXIH^SS^gPl 9 s b«. Sl^n-fJH 9 

ta, snsBi 8 kicisi^T. =i-r)mm^i 6 s, 19 

s a*:ft-UT«^6<)fc^ig^$ns, ddT, SBH^iggSB 
1 9 s b*^ *5SI«tc*3lt-5 rrj-r;i/Sgggj ©— 

[0 0 6 4] J^tc, 08{C5%L;tJ;3tC, ^IK3'r;H 
9 (Zi-Omumi 9 s a:feJ;t/CiB||g5i!^gpi 9 s b* 
-g-t?) CD^#^ft^*3j;Ut^CD^a®J^{c, ^)^1 7© 

«l&ie2 0*J. ^iin-f ;n 9*3j:u:3^.;pg5i^ 
19s a®-?-n-€^n®±iSSat)^t,ij:3jcbTfeJ:Vi 
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9sb®±:!&jc«> isietc^feiiT, z.<Dsmmmmi 

-> 1 4 e*Sffi^$n-5«)-r?, E^SE^gei 9 s b©^ 

[0 0 6 5] :5»:(c, a8{c^Lfej:5{;r, i^^is© 
±^t>^>E>±^:^-)V^-yyi 4 aW^SggCl 4 a (3) CD 

tt, mMT^mi 7 iz^vTziiou^mjm.^ 

y:fl4a ©maggp 1 4 a (3) ©— tgP^:^fi«JtC:t-/N* 
[0 0 6 6] ■t'KSi^aRl 4 c *}^fife-r5R5tC«, 

tc, asssiii^gpi 4 b±iz. ±m&mi 4<D-^^mm 
T^m^mm^ 1 4 d ^^^r^ tmz. mmmrn^ 1 

9 s b±fC(J>PBlgEiB?/Xi5'->l 4 eSJ^^-r^. 

mmm(Dmwiz^^mm:n-{ )i i 9(Dmmi)mM^n 

4>PBl»i!^/1iS'-> 1 4 e tt. ^IKn-fjH 6, 19 

(0 9#{?8) iz^m^mzmm^'ti:^rcit>(Dtyo:>x$> 

•5. fiSSS^^SBl 4 d*3j;yC4'PBlSigg/1^->l 4 e® 

^tmimmx$>^. uis. 'pmmm^i 4 c ^m^-r 
> 1 3 ©aia^cDfigtsfs-stt- s J: p tc-rso5*t» 
g5*^ Tm<Dw-mm\zMVTmmhtz.mm^f3.r^oiz 

fc, m^mm^i 4 b, i 4 a^^ *^ig{c*i-t-& 

6. 1 9> a-f^l/^j^ggl 6 s. 1 9 s a . BBMSEJ^SB 
19s b:feJ;yt+raSligg/'«^'->'l 4 e?>«, *IR§Bjjc;fe 

[0 0 6 7] 'Alz, 08{c^Lfc<fc^tc, ±i^^moJ: 
OiZl^X. mA.U7snyd'^)>if\Z^K). m7L\i.T)V5. 

■rmzip^ms. o~4. o timoiw^xm^vx, 

^m\m^i4c. m'^mm^i 4d. ^mmmn^- 

>1 4 e*5j:tX^^n<;H 9^JCJ;-pT«}J^$n)S:[a 
[0 0 6 8] :k\Z. m^\tCUP^VZii-:>XT 



4 c V SSBS^H^ 1 4 d^ck?/4'MSIM/1^'-> 1 4 e 
d^Sffi-r^STfTP. «5gyKl7. 1 8. 2 

0. 2i*t. *5!Bj{c*5tt^ rn-f;wa^Bj w-*^ 

fisjtcMrtsL, *fegi^/tiS'->i 1. 13, mmmi ?. 

18. 2 0, 2 l*t, *5SBJ»C4JttS r^gj ©— ^ 

wm\zi!imt^. 

[0 0 6 9] S^ctC, ^gjCS^Lfc-fc^Jc. VJteYt^tlfc 
P ^ , mSSSiSggS 1 4 d <D±:^i)^ e> PbISE^SB 1 
4 c ©Ji;&C*^ttT©««tC, Jia5«g 1 4 CD— gR*« 

fiK-r-5-hg53— 1 4 f Sr^2. 0~3. 0 nmom^ff- 

xmRmzm^-r?>o ^:®±gg3-i7 1 4 f ^ja 

»IKn-f ;n 6, 1 9 <DJi56rMiS»c:MiSE-rs 

4 f (1) 3-i7gpi 4 f (1) <DS(I^{C*J 
V^Ttp^gEifsEBP 1 4 c©-gBtgB^>fifj{C:t-A-^-v:/ 
■rSi^lcMft-r^^Mgei 4 f (2) t^Sr-^A/TV^S. 
±«K3-^ 1 4 f ®^WiRfaic:3t»T«. 
±gB3-^ 1 4 f tt. ^(DW::^^^lZ^\,>X. Wia^i 

2k^mcxm^mm^i 4h, 1 4 cUft-vxT^m 
m9 t.m^mzmm^n^iimz. •^©w^&^ij-tisti 
T, fpmmm^i 4 c ^^vx±^:^—ju^yyi 4 a 
t^>mm«j(c]e^$n2.<. ^iB^Tm±iz±^B-i7 1 

4 f^mWtt^^iiiZJ:0, -haB3-i7 1 4 f <D«®fe 

[0 0 7 0} ±853— 1 4 f srji^fiE-r-5^f-«, mm 
iHisstcdH+TCDMi^tc^'f ;pgMia^ 1 4 f h ^mfS.-r 

^:©n-f;p«SSBB^l 4 f htt, «f PbISS^/I;?'— > 

1 4 e iim^vfs.\^'^f^mmmt^mm.mizmm:^ii:^rc 
tf><D^<Dx$>^, ^ma—if 1 4 f iij::zs=i-^ jimms. 
mi4f h(Dm^mni^^zfm$k:^mii. ±mLrc±^ 
^-)i^^'yzn 4 am<Dm^tmtmmx$>^o 
±gp3-^ 1 4 f ^mi$.-r^mizit. mA.ii. 

kmjzOh^:^iz-rtLxumr^.kz>iz-r^iimz. ^ 
(r>mm<r>^m.ii\ mk¥km^ 1 4 b. 1 4 d o^mm 
©fi:Mta«— gcT-sJc^icT^, :i©i^©««^a5i 

4 f (2) jgiatCi3ttSi£^M«ii«, SI 2fc:^LfcJ; 

Z.Z.X. ±M^—^\4c1)\ *5IWfc:fett 
^ r|g2©«1tMg5iJ-j <D-A«:«tc**l£:U, :3'f;HgE 
^BB^il 4 f h*t, *%eq(C*5tt-5 r^«S/^^'->j 

a, 'tim^iBKgRl 4 c, fiBSBSSiggSPl 4 b, 14d:feJ; 
iS±M3—i7 1 4 f tcJ;oT^fie$n-5±SBa«il 4 
ifi. ^m^\z^Vt^ r^i©jH4Sj ©-Afli^qjc^ifis: 
f -5. 

[0 0 7 i];*:{c, EJ9lc5^l,fc<fcafc, ^^*:*S5<J: 
Kifs.^^—>^—-=i—Vm2 2S:*92 0~4 0 nmO^W^ 
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[0 0 7 2] ^^m(DmmAz%^mmm^^^y \^<Dmm. 
hmzni^x. ifii8to)7* h-7x^<&fflt/iT«^iHiS3t 

4 a (1) £t 
TTfi, S-Tx 01 3:fectlX01 4 5:#RSbT, **Sfi 

t M-r s f^ffl 43 J: t/^a* o fcui 5g-r -5 , 

[0 07 3] 013 tC:feV^T, (A) ^ 1 WS^I 

efc*3iiTffifflr^^i®7:t hvx^s i®^®jg<^ 
€r*b, (B) mi<nmytr.miziit^^xmyt^n?> 
y^ hui^x vmis KDm.^ (mi<Dm^mi^i 3 1 

y) <DW-mmK^^th<D-V$>^. (C) tt, ^2®S 

7tXg(C*iViTigffl-r^m2©7;i- hVX^ 3 2 CD¥M 
m^^mV, (D) tt, ^2©g>tXe{C*5t^TS7^S 

ns^'* hPi?;3;hRi 3 1©®« m2<omytm.^i 

3 2y) ®5pffiJg:KS:^-rfe©-p*-5. 014»C*ti 

(A) it. mi 3 (D) JCS^bfc:7;t hU-v'XhM 

13 1 (Dmytmm (^^mytm^ i 3 3 y > ±i^^mm 
■r^^tizj:K>m^n^yythUz^xh/'^i$'—>i 3 3 

0^®JP«Sr«rt)OT^D. (B) tt, ^^hl/vX 
hn5'->l 3 3^ffl(,iTJgfig$nfcJiBKJl^-;V5"-y7' 
1 4 a®¥®Jg«<&^-rfc»-t?*-5, 
[0 0 7 4] 013 (A) »C*bfc^l©7*hVXi> 
3 Hi. mff> T^?:^(75Spffl}g*e!&*T-S^P?iP3 1 

Zfl4a (01 7#fl8) ©3^®5fe>ag|51 4 a (1) fC*f 

mmmzi&^-^ti^±^r^-)v^y:fi 4 a 

©5fe«ggB 1 4 a (1) <Di(iWl i:R#Ta&-i>. 013 

(B) \z^vrc^^\z. mioS3tie-c«, ^^m^ 

v'xh^i 3 i±©Bf^<D{4BtcBl®;7* hvx^3 
l?£iBI9:LT. mi©7;f hVXi^3 1©88P?»3 1 X 
$j11;t-7* h Ui^X hK 1 3 1 

[0 0 7 5] z.:i-c. ^1 hVX^? 3 1 ^IB^f 

hU'v'X hIKl 3 1 JiCD THlf^ODfitBj tH, ^ 
XStC:feliT±8B5}?— 1 4 a©5fe«gK 1 4 a 
(1) 7&^fl^fi£$n^&fi{c**;4:T-5&S-x?fe^. ^i©7 

* hvxi> 3 1 s;gB^-r^isttt. ma^3 1 x<Dm^ 



r^BP 2 (S6liMniS'-> 1 3 ©gSfriSSwfeS : 

0 9#^) J «i:Dt>if#J»C'aBt--5ckpfc, yn-hUi^ 
Xhl^l 3 Hc:5*bTfi«-&fc-&«-ff5=t3tC-r-5. * 
^WtCtt, ±gC7}?-;P5^-yy 1 4a(D9cmmi 4 a (1) 

®^^*^^a^£fBSt^^>v:7'si 2±izm^^n^^t 

tf3.^JzoiZ. X* hl/v'X hlKl 3 icDp-^. W-WS. 

?i»^fr-v:fmi 2±izMBSi-&tift^mumwzma^ 

[0 0 7 6] r©mi©®^ie(Cj;D, y:i-hUi^X 

hmi3 iizf^i(omytmm.i 3 1 y7!>m^^n^. m 

1 <D»^mm 1 3 1 y tt. ±^3}?-;P^ >;/ :/ 1 4 a ©5fe 

fflSBl 4 a (1) tc^lc;-rs®ltJ:D fe»;^fcS<Mr/fc 
mmx'$>^t^. ■?-o^i^i&*^&«P2{cML.*^*^&;^tri 

3 1®^-^, w^mu^m^^^yi/mi 2±izm^t£nr^ 
^^oy^iz^i^xf^i(Dmytxn^n^^iiizi:r)^ ^ 
foyiioum^iiz^io. mz. ^:Ss^^(Dm^m^<DU, 

m±izi5\^^xm^xm^nom^izii. TflsoD^®gs*> 

mytmm7f)mi^v. mz. ma^s 1 x©^-^©«g 
wi^u^^^-r^—^^^»\zM^^-r^m^-i()^m:^f^tz 
w:,±vxh^3. :irnzMiyX. *sfeifi©jgffiT{a, ^ 

1 <D»^Jim^W^mfS.Tm±lZ:h\^^xnr}X\^'>^<DX. 

«i$a^n^.. iii©»3t«J!Si 3 ly^t, 

[0 0 7 7] 013 (C) fC*Lfcm2©7*hVX^ 

3 2«, ±gB5}?-;i'5^>;/7'l 4 alZ^Vf^^m^l 4 a 
(2) iJitKMSSgpl 4 a (3) (01 7#Rg) fcMitJ-r-S 
¥ffiJ^iK**-rSHPaK3 2 xS:l»;^TV»-5. 013 

(D) iz^vrz^oiz. m2©g3iexsTtt, Hi©® 
^fflfiSl 3 1 y^m-t^y^huzyx hmi 3 1±©B? 

^<Di<Lmiz^2(Dyyth-rxi^ 3 2^m^vrz<Dt>, 'm 

2©7* hTXi^ 3 2©i8P?»3 2 xSaCT7* 

v'xhMi 3 i©^fe®«j^S:ilS?etitc:B^-r-5. vl© 

m2©S^XieCJ;0. X*hl/>7Xhl^l 3 llctt^ 
2©®^ffi«l 3 2 y;^)tj^f!K$n'&, d^T, ^2©^ 
* hVXi'3 2&Bai9:-rSiSSfc«. -€-©B3PgS3 2x© 

mm^t^w. 1 ©s?tM« 13 1 y ©*^®©fi:aj: o t> 

n{CJ:D, ^1©SI^MJSE1 3 1 y©p^©^fij©-g5 
®« (0«f©±*gB^*) tm2©SI3t®J«l 3 2y©W 
<HiJ©-SBffl« (0tf5©T::&gP43-) 
C©a^«iiSr#ty&fig^3tffi*il 3 3 ydtJgfiE^tl 
^:©^J^S3tfi|Jai 3 3 y©jpSJ^tett> ±SB#— 
4 a©iFa}^!R{C?*J(£:TSt)©-efe-S. 
-e. ^2®g)t«J«tl 3 2y*t, :^%m\Z^\1r^ ^2 
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[0 0 7 8] r©J;5IC, *IIJgCD}g|iTtt, ^m^T 

%±©7* huv'x M^i 3 1 tznt^mymm i^tm 
§51 4 a (1) izM!t^-r^^»(Dm^!&m) mm^^ 

(tffgJSPl 4 a (2) . ^SSSBl 4 a (3) lzM^?>^^ 

©S^T5feS^gB 1 4 a (1) . *PBl^l4a(2) . ^j^gB 
1 4 a (3) ST^-gS5fr-5«^tttS^0, T«fe© 

[0 0 7 9] ^fc. ^^moymwrciit. t*o^$cdm 

iS' - - > i^dt Bjtg t 2> , 
[0 0 8 0] ««fc, 7* N V'v'X h)^ 1 3 1 (D%fS.n 
31£«J^1 3 3y^-fi5bT^#-r-5^:tlCJ:l9, SI 4 
(A) tC*Lfc<t3;5:IIPg51 3 3 z S:*T-5 7* hP- 
h/^^'— >1 3 37jtJgfiKStl-S. glP|»13 3z© 
±gKJp-;i/5'>;;y 1 4 a<D5FB}^^*(C^I& 

■r-5>t)©-efeo, 013 (D) \z7nvtz^mm%m.^\ 

T» ^:cD:7:t M/v'xh/x^— >i 3 3$ffl^iT:7^— 
Aa?)o^ffi*^^Sf -scitfcjcD. 014 (B) tC^b 
;fej;-5fc. ittJCv $fe)^gBl 4 a (1) (Dm>f)^WimW^ 1 t 

4 aS:J^fS-r«>Cli5&tTf^^o 

[0 0 8 1] si s^feetr/^si esr^uLT, 

-hteLi'cJ;3;S;JigB3j^-;U5^>y:/l 4 aoym^lfj^^m 
[0 0 8 2] 013 (D) iC^bfc^m*. ^l©®3t 

M^i 3 iyLm2(Dm%mmi 3 2 yt^j^-a^tuxi/^ 

L 1 0 ^-[-^\zM^-t^^ o \z Vtz^i. m 
K^i. 'fraS?14a(2) cDfi;^<&M< bfctiil,>3S» 
*tife-5«-&{Ctt. :t— A*— 7.'y:^fiSL 1 O'bTfrSfc* 

mi®ii5t®«i 3 1 vTii r^agp 2 J ^m^Tttmm: 

/X^'->1 3 0±*TllL.*»*»oTb*-5iie*, ±i2L 
[0 0 8 3] 015 (A) »C^LfcJ:5{C, 

w.i(Dm^m.mi 3 1 y*«— :t*i©ffl5i)-oi«>.T 



^SS* bfcfil*»JS:S«)iecD^»tC<tt3X^ 1 

1 3 1 ytD^SgSB^i-trA^d^^i;. dCD^^, 01 5 

(B) {C^bfcipJC, ft*$tl?JtJ^^$n^:7;4- 

>1 3 3®HoaPl 3 3.z©3-^. Mli59lt 
1 3 1 y t m 2 (Dm%W$L 1 3 2 y t<3!)M«g5» 

J;p;5:}^t7S:-5. :7;i- M^v'X > 1 3 30p 

X hAiS'-> 1 3 3 ^m^^r:m^^n^±.m^-)v=^^j 

^T'l 4 a(D5tSffigSl 4 a (I) t4'raSBl4a(2) t©^ 

m^i^<Di^mzK^^n^. -rut^t,. ±^:i)^—jv'^y 

:/l 4 a©3^®5fe«gg5I 4 a (1) t>f ^ISRl 4 a (2) 

m-^iZit. ■t'PB^gB 1 4 a (2) *^e>5fe^gPl 4 a (1) IcfiBE 

[0 0 8 41 ZltUC^tbT, *llifS©JgffiTf«, mi<D 

m^mmi 3 1 y*^T*MJ^4i^Sr^&bTVi.5fci?), 
«016 (A) tC5%bfc<i;-5tc, ^iroSTtffiJt^ 1 3 1 
y0^;&gK5)-(C3ti^75^^bfcibTt>> mm^iz^^iS 
hU'v'X >1 3 3 (016 (B) ) © 

5^®iii©S7t«j^i 3 1 y tm2<Dmytmmi 3 2 
y izoymm^^^zMft^-r^^^izit. -t^umcomm^ 
^^^^■^n^. zLcDm-^izit. mW:m\zm^^t\^± 

IKj}?-;l'5^!y:?'l 4 a©5tS8^1 4 a (1) ii'ii'm^l 4 

a (2) t(Dmmm^\zn^^-r^^^(Dm^-i-^izmmr 

^Z.t1fi-Q^^<D-C. it'WgSl4a(2) ffi^9tm^l4: 

a (1) -<mitimm\z&m-^. bfc*«oT. +^3-^:^ 
[0 0 8 5] :k\z. -^mm<Dmm.\zm^mm&m.^v k 

©S3it;?j56tC*Jtt^_htB©^iiW1.©2&:^{COl/iTgi?a-r 
•5. 

[0 0 8 6] *IIJg©Jg^tC«^»Kffia^-^-y H©©it 

bTiis. zL<Dtzit>. •77.i>mmmiio±.\zwm\^tz 

y^hUi^x hmiz^vxy:th>)'Jif^y^mm^t& 

VXi5'8 0a, 8 0 b ^J|^]E!fe-r-5«^{C. S^^t^fet^ 
TTflfe (vx^WIBei 1 0) ©SiBd^^Si*-r-5RI# 
^©5^^*«I*iJ-r-5Ci:*«-r^^. bfcTjtoT, Rlt^ 
©i^# tc cfc i83t««©l£3i * Tc liWhrnm U ^.tl. 
VXi7 8 0a. 8 0 bSrSSttatCj^^K-r-SCtdt-xf^ 

[0 0 8 7] -^X^mmmi l OWJ^BK^^Sftb 

;^s:^©««1^^4^c<^;o, ^xi/Mffi^ ii o Sr/t^'- 
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a. 1 0h^m\'^xT^mm9t:mumizx.v^>if-r 

>'TXi^ 1 0 a. 1 0 bg<?^*iXy5=->y 

ssfis® 9 ©jpi!».dta jg| 0 bT L * 3 c: t &iHi)S-r-5 j: t 

[0 0 8 81 /1^S'->VXi^ 

10 a. 1 oh<Dmm:^mi3^zmmm^i 0 o(Dms^ 

O^Ltt/iX^^, Vrzi)i-oX. /t^->VX^' 1 0 a, 

1 0 b'^mmm^ 10 0 ^ummx-m^-r^^titiix'^ 

[0 0 8 9] Sfc, 0 8*3±y^0 9 

— > 1 4 e ^ffifgLT. c|'PBl^ig2/1^'-> 1 4 e CD±H 

oii^Lmti^. 'pmrnm^ 1 4 c j:ags«i^sB 1 4 a ©3r 

:*rC)±ffl(Ofir«=t»3fei«<;^^ct-5{CbfcCD-C, Cine 

mmm 1 4 c i^^m^mm^ 1 4 d t*{ci*jrBi^ 
S^/i*'->i 4 eS:*>gtb$-e-2>::t75t-e€r^„ 

K>. R^SSiBEgKl 9 sbi::n-i)Vmimmi4 f ht^ 

> 1 4 e tt. ^mmmm 1 4 c ii^zmmmmm 1 4 d 

/liS'— > 1 4 e 2'J^f!E-r-5;t«6lcfrfc;^XS*iJ:-S^: b 

[0 0 9 0] :^mm<DmwiXit. mmzi^)vi e 

ji^gEgggf 1 9 s a^j^mmmmmi 9 s b*-^ 
ts) <DM:b(D^mmm=&mtf>Ti^tifimmi 7. 20 (Dm 

^<Dmmm»mm^mi'^^^oizi.tc<Dx\ immmizm. 

■^titm^o, mm=i^jvi6, i9^©##iSw«iK 
muKmtb-oKtz.iiii^-v^. mmztmt^zLtifix 

[0 0 9 1] ms^mnzm 

VrcJ:v\Z. h U A«j3fi**-rs«Sg|5iJ- 10 0 SrJ^rit 

■r^fciie>{cR I E\z^^jLy^>'^9&m'^no^. ±^ 
:^-)v^y^i 4 ais^zfmmmm^i 4 bo^^&coiH 
ia^j^m«>^« -ei X >y 5^ > b Tsa 0 T If -s J: 
3 \z bfcoD-e, 1 6 offil9!M«®«ffi©fl[B 

±ai55}?-;i/5^.;,yi 2 a©3t^Bi51 4 a (1) ©TiB 



-fJH 9<i:®ft1^«*tC^i&-rs^t75iT€^<. 
[0 0 9 2] <^l^fiSa'\-y h*CD«it>J)jtC. 0 9.0 

1 2*5j;tx0i 7$#MbT. ^^m(omm\z%^mm 
[0 0 9 3] 01 7tt, :^mm(D^m\z%^mmmm.^ 
«3i®«ti^s«-rfe»-ca&-5. ui^. mi 7-c«, 

ai7, 18, 2 0, 2 l:feJ;CX:r— A-n— I>g2 2 
^©S^^^BSbTl-i-S, »Mn-f;H6. 19 

{cotiXtt. ^©Si1.jgg5^i-®*=&0^b, Se^M/t^' 
— >1 HCt^tiTtt, ^CD«^1-SS©^Sr0S^b, Ig^li; 

>1 SlCOtiTtt, gPiJ-Oa^^SS^bTOi 
^.09 (A) 01 7{C*5tt* I XA- I XAIStC 
«ofc5c«»rSfCffiSr-5. ;^*!. 017*©X, Y, 

z«i>&r6jtcs-rs-^n^en©«i3fct3ViT«, 01-0 

1 6<0«^tl^«l«i:-rs. 

[0094] 09, 01 2:fecfcD^01 7fC*bfeJ:5 
tc. «eiBt^/13'->l 1 (D*S9«0DfeSt±, XD— h/N 
h (TH) Sft^Sl^cOSipt^SfiSv •rts.t)^ 

xp— hA-1" h-i?De:g (THOficS) Ta^s. XD— 

h/W h (TH) *e»Mn:$'->l 1 
m (THOfiS) 55»e.XT'^TU>i^®9 OCD&«*T 
©SStbTM^^SnS. Sfc, 0tf»t:fettS FMRH 
O^SJ MRK5®g^S©fi[g, fi^t^^MR/N 

hifa&g&^bTli^. MRA-r h (MRH) tt, 
MR/W h-tfDfi:M*^e>XT^TU >i^ffi9 OWfiCgi 

XP— hA-f h-t?Dffi« (THOfi 
M) tMRA-r hifpftg (MRHOfiB) ttt. fi»J^ 

[0 0 9 51 ±l»fiBiffil 4tt> «S|A«, -^-tl^nSHBlC 
J^J«Stl>5:JigB3j5-;i/g^ 5/ :/ 1 4 a , f PflSig^gP 1 4 
c, JiSSS^gggpi 4 b, 1 4 d*5i;tJf_hgP3-^' 1 4 f 

[0 0 9 61 ±^3-i7 1 4 f ^^3-f;H 6, 1 
9 }C<toTfe^bfclSS^*iR^-r-l>fc«6<D:^#/iffi«Sr 
Wr^a-^'SBi 4 f (1) t, 3-^-11514/(1) J:0 
fc/h^li— 5t*S**-r-5^i!^S8l 4 f (2) t*-&A/Tli 
So 3-i7gBl 4 f (1) «»J^«, 
*5l,iTttSS— ^Ta&O, ^(DHff:*S|5JcJ3liTX7'^T 
'J ^i^ffi 9 0 C)a-:^< JC-ptlT^* J; p toiS:-:? 

T(.»S. g^SeSBl 4 f (2) «i|;3c.«. m& 

-r-S^frB^SS^SBl 4 c<D*SJ:0fe:^^</i-3TViS, fc 

fcb. i£:--rb=bi©j;'5^c«^(cKe.-r. mxvi. mm 
1 4 f (2) (D<mtii^mmmw> 1 4 c ©ti j; d fe/h^ < 

;iSJ:5tcbTt)<fcin 
[0 0 9 7] ^fS^W^ 1 4 c tt, «J^«©¥ 
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y 1 4 a iz^if^m^m 1 4 a (3) ©♦! J; 0 < 

oTii-s. tzfzb. ^mmm^i 4 c©*i*«««8g5i 4 

a (3) (DifiJ:Dfc/h$<;5:-5J:3{cLTfe<l;ii. 
[0 0 9 8] ±gB#— :/l 4 att. M^ii. X7 
'<7U>ifB9 Offl!l*^^|lifc3feS«SKl 4 a (1) , (fM^S 
1 4 a (2) is JzZ^^^gg 1 4 a (3) ^&■&^•^ft,i-5. ;in 

bXtiS. 5feSgS5l 4 a (1) tt, ^-cD^^fctJitoTS 

H^-r-SfcWT*^. ^ralSPl 4 a (2) CDlett. 
14a (1) (Di|>sJ:D^:^^<;^-r>T:teD. «SSgBl 4a 
(3) tfPBlSB 1 4 a (2) ®ilg<±:»3fe;*:$<^C-3T 

t^S. tlSit)^. 5fe^g|51 4 a (1) t'Pf&mi 4 a (2) 

[0 0 9 9] igeJlt-jl/g^-vyi 4 a WgM^{C*3tt-5 
ffWgPl 4 a (2) flJCD^MS 1 4 a d(4, m^it. TH 
Ofi^S (SfcttMRHO^g) ®fi:«a:Ot)«:fr{c-rn 

TfiMLTt,^^, frBissggBi 4 c (Dmmoy^mm 1 4 

c ttt, ISMffil 2 ad®{iS<l;Dt)1^*»c-r 

— iftL-Ti^-So ±gB3— i7 1 4 f<Dmm<Dmmmi 4 f 
t tt, m^iii. ^mm 1 4 c t ©fiMj; 0 ^^^fc-rn 

TfifcMUTVi^. ffit)-^, 1 4 c *5 J;t/CJi 

?iB3-i^l4ftt, mzJi7^T0>ifm9 Oi!)^iE>mn 

4 cnj:U±^3—^ 1 4 f (DffiiS^Btt, i£:^-rL.feJi 
BECDJ;-5;S:«^JcKe)-r. 5®igiSl4c t 

SdigMHl 4 adCDfiCgt-a-r-5<fc5fcLTfeJ:li 
L. ^/tttjffiSi® 1 4 c t ^itJti^^iiB 14ft (DM:^ 
CDfi[S*^SM® 1 4 adCDfirgt— ifc-r-Sck^fCLTfe 
±g|53-i? 1 4 f . ^rp^SigggP 1 4 c *5j;DC±g|5 
1 4 a®=&*i;&|niCD4>,|>«Sli{C— SS:bT 

[0 10 0] ±S53j?-;i/5^-:/:/l 4 atCi3ttS5fe)SggPl 
4 a (1) ©W&StSHM 1 4 a d 
g|5tC*5tt-5Afirtt, 9 omU^/^V 1 2 OS® 

mwp^tr£^^o\z-r^<Di)mm-r^&?>, ^pt^^i 4 a 

(2) 1 4 a (1) {w|S)*^^jKm(DtiitnS-nmYfc: 

«*«J9 oa-ea5-5«^*^bTt^.5. 

[0101] ±gP3-i7 1 4 f ©S(|ffl!l(0-?iB«. 4>Pb1^ 

fcSiSSn, *fcfra»S^SBl 4 c®— ±g63j?- 

Jl^-yZfl 4 a(Dm^^l 4 a G) (D-^tm^miZ^ 

y-yLxm^mzmm-^tiTt^^^, -7^, ±g5 

3-^7 1 4 f maSil 2 ktC^liT, 

fiSKSEi^gs 14b. 1 4 d ^ift-vxr^mm 9t'hmm 
mizmf^-^nxi,^^ mi Tvitm^^^r. ) , rut) 



gBl4c, JtSgSSE^Sf 1 4 b. 14d, ±§63-^^14 

f) i:Tmmm9 ti)mf^^ti^ztizj:io. m^<Dm. 
[0 10 2] mmw^:$'—>i itt. -^(Dmm^cD&m: 

P 1**, ±^:^~Jl^y:/l 4 afC*5tt^5fejS§gPl 4 a 

(1) <DMtEm^p^\z$>^^^izi3i-oxi5 0. m?iii> <}> 
:/^<t%±^mi4^^zmm=i^}ii6. i9<om 
:^(omwtmm (m^mm^ 1 4 b. 14 dcommmis.^ 
) ^^tsjz^uitmmummzmwt^tixi,^^. 

it. ^mmz-^^-y 1 1 ©ftH^sgofigp 1 j: 6 t>^ig 

gB^J-©T;&®JtSlcBe^$nTti-5.. 0 9 (A) , 01 2 

*j;of0i 7-ett> «a&M/x^->i 3©s^ 

«©fia P 2 *^ ±gP7j^-;W5^ y 1 4 a ©tfPelgB 1 4 
a (2) t^j^gp 1 4 a (3) t©Mi^{a@J:0 =b«iiUX 

[0 10 3] 01 7tC^bfcJ:3tC. SflKn-f^H 6, 

-^-ti^^tin-f ;PSii^gBi 6 sisjctx^^i 6x*ij|^ 

»|g3'f;H 9©rt<B!l©J^iagB*iJ;lEjC^r|.{BiJcr, 
«l^gBfCfi, ^n^tlzi^Jimm^l 9.s a:feJ:Z/B2^ 
i^^l 9 s b**}gj5S$nTt>S. ^^tc^^n 
'f;!/! 9 iz—t^^Uf'h(DX$>^. »M3-fJH 6. 1 
9tt, n^f^H^iggBl 6 s. 1 9 s a^&cn-bxm^WfC 
^^StlTl^^. E^MSeSPI 9 s bJiiCtt>pra 

«iBgA^->l 4 edtJ^fiKSnx^D. ^IK3-f;n 
6,19 i n-r ;PS^iB^ 1 4 f h tit. EMftlSgJ-l 
9 s b:feJ;Z/4>FBl»S?t/'«iS' — > 1 4 e i£:fl-bTS^e«JtC 

s^snxiis. 1 6 jimmsmi 4 

f h©«)«g5 (0^-&-r) *»C05^b7S:ti^1>8Pl5lK 
(cS^^nxiJO. ;:©^gBlHlgS{c«fcoX»IKn-f;n 
6, 1 9^il^S■l^•-5^<i:^iX^•5J:o^CfJoX^i•5. 

[0 1 0 4] 09 (A) . 01 2:teJ;DJ01 7 7i^t>*iJ-5 
J:5(C> ±m^—)V^y-:fl 4 a<Do^<DWI^mi 4 a 
(3) ©«*g85)-JJt^1-©g5»tt¥S?5:iE»^i' 1 2 

-hfCffi^Snx^O. ^^ggl 4 a (3) ©^^rae^i-fiije 
>1 3©^®gBJ;lcE|SSnxt>-g., 

[0 10 5] ^»C, 09 (A) , 01 2:feJ:tK01 7* 

t>t>xia?q-r-5>. 

[0 10 6] SfKm^^^y H©S*Wl!if^, T;^ 

[0 10 7] 4=:*iS©fl^SgtC»-&|^Ka«'\>y HXtt. 
W«©1Eg«&f^l^|C0^l,;5:H^gBli!8S*iii;x»)K=i 

-iJiiG, 1 9iz^mf>mti^ii. rncjEuxjK^dt 
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pi^a-'^^i 4 f (1) 7!)^<^mm^i4 f (2) ^ets 
V. ±^3-i7 1 4 f tm^mizm^-^nxf^^^'pmm 

imi4c :fe J:at±g5jR-;i.5^ 5/ 1 4 a ©^SSSSP 1 4 

a (3) ^iiSti&LT. Seicrt^ra^gf 1 4 a (2) *^e.$t38§K 

1 4 a (1) 'veje-r^. jfesspi 4 a (d 'N.ejgbfcjs 

[0 10 81 — p|^^{c:feiiTtt. ff^'V'y Hgpro 

MRI^5{C-t>XfldiE*SK-r. MRIK5®fi*T[tttt, M 

[0 10 9] mz. 09. a 1 2t5<i:tK01 7S#R8b 

[0 110] :^^m(Dmmizm^m^mm.^y H-ett> 

T«PM9 fC^ltfcIHl?iP9 J fC. Se»KniS'-> 1 1 ^ 
vl©«5i^/1:S'->l 1«, fiamcDig«t 

/I3i'->1 in, -^-OSMiS;*^*, J:iliB#-Jl'5^'>:/l 4 
alC;fett-S5fe«?»l 4 a (1) <DM«E««rtlC(iB-rSi: 

?«#-;i^5^-y:/i 4 a©g3^««*-gp-g-^, 
.i:Um^:$m\Zt>rz-yXlK<MtEVXi^^^, CWSfegtK 

>''?i5'->i i©#ffitj:o, mmm/-^^~->i i<omm 
mmznm-r^mmiziii'->x. ±^-^^~)v^y:^i 4 a 
mm^^ yzfm 12 ^mmhxy^mm 9 ^mMn^fRm 

i^WJf -5 Z.ti!)iX^^. 
[01111 ZinSO^ltA^e., ZKD^BifiS^'N-y 

tt. 0 3 3 L Tcii^moymmmm.^ k ^ 0 , 

»K3-f;H6, 1 9fcJ:oT5!^L.fcm:^;£::^^7^ca 
X;5:<±SB3-i' 1 4 f tc+^^{c«$&T^^<i::?i^-e^S 
±S5BBi«l 4l*30«^oejR)ae»C*V>T. ± 
^•^^-JV^yZfl 4 a\zmXVrzm^^±^f3ia7.t£< 
5fe)SSgP 1 4 a (1) lC#fe$&t--S.CtdiT^^. ^Ofc*, 
5feasaS14a(l) CD5tSIS8tCtt£^S+^i--^lK^*<irJ^-rs 

ffi«T^:ii*^nItgt/j:^. *fi^liA^'->l 1 

ztifix^?>o fs.:^. ^m/'^^—>i i«, ±ge5i?- 
jv^y^i 4 a-f)^>E> -f^mm 9 'va^^stejs-r ^ :i t * 
aisnT^ti^^tc, TgBmffi9d^e.±g55j^-;w5"-y:/i 

4 a'v««*igJR-r«)^li:*=t>ttl^-r*c:a:3!)iTlrS. 
(0 1121 *^JS<DJgliTf«, 03 3H^Lfc 



mm.. •rfS.i:>t,±^^-)l''f-y-/l 4a(Dm^^l 4 a 

(3) (D-^fpmmms^ 1 4 c ©-sBtd^^-A'-^-y 
iri^o ) 1 4Ric*tjj;-r^MJ^i 4 str. 

>i icD^fc, iB®^r>>:^«i 2 tg|-r-SJ;pt^ 

iK/i^'->i s^smbT^i*. z.<Dmmm/-^^'->i 
fiS«®jin«jBj5&t®#;a:®jiti 4S(c*ei&iKA:S'- 

>1 3*BB^-rsr<i:tcJ:D, iM5ailK/t5'-> 1 1 ©fiS 

m2iiR«!)*t*v^SoT, 1 4 s \z^n^mM<Dm 

[0 1131 Sfc, **iS©J^SgTtt, JiBi5Jp-;P5^^/ 
y^l 4 a$^^-r^5t«g|51 4 a (1) , ffPBlSPl4a 

(2) , ^sgB 1 4 a (3) »^n^en®i|iiw 1 , W 2 . w 

3*^Wl<W2<W3©M^t;5:Sj;pJrLfc®-l?, ± 

\z r^^Tj^UrL-Aj ti/i^o ) ^-^n^^tivi, V 

2. VSt-r^Si, #gBfirBl©fi^m5J^Un.-A©3S»t) 
^/tV 1<V2<V3 tfi^, Z.(Drzeb. ±m-^-JV^ 
•yT/l 4 alcSSJibfcamtt. ^§51 4 a (3) d^^'f 
FBlgei4a(2) ^^*bT5fe!^gBl 4 a (1) {C^SJ-T^ 

®|5iWIC**$n. 5feSiS?B14a(l) 

m*t«$&Sn-5, ^©iptCv JigR:^;— ;l/5^-y:/l 4 a 

[0 114] sfc. :$immo)mmx\-i. mmm/-^^'—> 
1 3®s«i®©ficMP2*t. ^^A^— >i icomm 

«©ffiSP l<J;D*>«iir-5i3fCbfc©T, ±§531?- 
;l/g^>yy 1 4 a{C*5ttS5feSSBl 4 a (1) ©j^^^Uo. 
— A&3iiE{c:«g^-r^C^:*t-t?^^o Z.<Drztt>. idS*© 
eSeiieJccfetiT, 5feS^Si51 4 a (1) rtC:fettSJeSm© 

[0 115] *sijfi©j^^Ttt, ±^mmi4 

(±m^^-)l'^yZfl 4 am) :feJ;trFSWSffi9©J^lK 

^mm 1 4:i5^irF^mm 9 <Di^mz^n^mM<D&^ 

t:Pimitt^ziz*ix^^, ziniciO, Iff::. 

mmmn^-> 1 1 (DT:^\z^\-f^-fmmm 9 ©-gp© 

b. fi8^©a)iiM«©®a*tiai/hb75:i:bTt). Z.<D^ 

[0 116] sfc. *sisg®j^i8Ttt, mmm/-^^-> 
1 3(Dmm^i&miimm?:^-r^^izvrz(Dx. ^i©^ 
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[0 117] mrz. ^^m<Dmt&i^it. fpmmm^i 4 

[0 118] Sfc, tfFBlS^gPl 4 

ci3«tZ^±gg3— ^ 1 4 f cD^ti-enco*WsSdt, X7 
'^T U >i'ffi 9 0 <Dfir« J; 0 t>^:6ffc{lttlT«ltffrS J: 

ffloicM uTK^Tsm^SitB $ t isiig-r ^ t *i 
[0 119] ^tz, ^^moymmx'ii. ws^asjcto 

T^fiftbfcTflfe±»C±g53-i7 1 4 f <&J^fi£-r-5J;3 
{CLfc®T, igBa-^/ 1 4 f t 

C<D±5;S:^«tt, ±^3-i7 1 4 f ©te, 
¥S;^T%±I' t^re^^S^gS 14c. fi^g&^^gg 1 4 d *5 
JttXri'f ;l.SMBB^l 4 f h^i&J^jE!K-r-&«^C*5ViT 

[0 12 0] <^^^^'N«:; H®Sit:&^{cM-r-&^}g 

j*T?H, ±SP#— ;P5^>:/yi 4 a$2S<7)S7tXSSrS 

-Ctt;^<, mtf, 3|pItt±CDii^ISSrifiTJgfiE-r-5 
J;5tcLT=bcfcli„ Z.(D^oUm-^izii\,^Xh. ±1211 

't'rasiggK 14c. jssssgggp 14b. 1 4 d ifmmm 

/t^'->14e> ±liB3-^ 1 4 f *5j;0C3'f ;l.SJ^iE 

ies:«-5c:i:ti;s:<. -m<D^^jm^mxmmt ^ 
m^\i9iMn 1 4 a (1) ) S:^^T«lfiK$nsa^4^ 

SSii- (««l^«±gP7j?-;U5^.>:/l 4 a) ©p^<DiJ>;ia:< 

mm6^<Dm^mm'i^mrc^^m^\z\i. mrnxm^m 
[0 12 1] sfc, *ii;^o}^sg-e«, ■^T.i^mmmi 

1 O-^effigB^i'l 0 OSJ!)DX-rSK{®X-y^>i!':;&jit 

[0 12 2] *ii;te©}^siT«. mmmM.^-^ v 



4 a. ±gB3-i7 1 4 f ^) , T^i^—Jl 
KM 3 ;fe J;C^JiS|5'>-;i. H« 7 t-*«J5?«e>o ^Slc J: 

©-e«>^<. «»J;1«, TS?«8S9 5rJg^iKLfc«^t|5l« 
<D^mz^ o T±fB©S5SiiS^^i- J^^jgf •& ck a L 
TfeiVi. 7./^y^*J>if\zj;:r>xmmT^^'5\zVX 

^(Dmm (m^umtm ^<o:/^^mmm^^mvrza) 
m^<Dm^:kj:zs^m^^t?>'7x^^m\,^x. -i 

a. :i<DJ:of3im-^iz:^i-f^ji^y^>if:^mtVx\t. 

t»<fcln R I ES:fli(ri:5«^{Ctt, -r:^>5 U >i'Srffl 

-e^s„ mmm^/-^i$'—->^-t^rztb(D 
^gi 1 o(Dm^izmm(Df^mizjzr). &m^m^^^ 

[0 12 3] *IIJfi«)}gieTtt, 7*hUyi^7 

<i:»C<toTVX^8 0 a. 8 0 b ^^Jg^ST-SJ; 5 »C bfc 

JS!ES$-e--2)C:i(CJ:oT-7Xi7 8 0 a, 8 0b<£rjgf£-r 

^<Dmmmiziitvxj:y^>ifmm^mvx/^:s^'--> 

i^-r^CltJcJcoTTXi/S 0 a, 8 0 bSJ^jEKT-SJ: 
\Z:i5lif^±m^—Jl''^yZ/l 4 alS5©}g^^SftIl«l© 

tt> 'f :^>5U>i^^R I ESfflliSi^CLTfeJ: 

[0 12 4] sfc, *iiiscoj^^T(±. se^^i 7, 2 

Mflg^SOG (Spin on glass ) jSif^fflVi-SJc^lcU 

(0 12 51 S;tv *llig<iDJg^T?tt. ±«18S1 4 
1 4 a, ±gg3-i' 1 4 f 

(FeCoNi) *ffl^^SJ;5fCLTt)J:li. JKD 
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#^SB£^J-®iiJ-g-^Fe : Co : N i =4 OMMX : 3 

omm% : 3 o«s%sst-rs<D*«»jiTfes, z:® 
[0 12 6] ^Tz. ^m<Dmm-vit. -fsi5->-;whb 

3 ^^Zf±^>'—)1 HS 7 ©J^^^;tJ^Efi LTN i : F e 
= 8 0:2 0 (m&%) ®^BK^Wr^/t-va-f Srffl 

i : Fe = 4 5«S% : 5 5«S?g#) *fflliSJ:5fC 

[0 12 7] sfc, mm^^yzfm 

ffi t LTX A ^ U >i^*ffl S J: 5 fc b fc*^ iff L 
t>c::nfcKe.nsfe®Trtt;^l^.. IHg^^-^-i'^/Bi 2® 

^J^ (A IN) . >'Un>Ss-fb#i, >'Un>^Yk#);'ii' 

>iS';i/ (Ta) , 5^iS'>:$'>yX5^> (WT i ) , 

(TiN) ^£i:®#«Stt^M2rfflVi^<l:3(CL.T 
fcili. ^S^i'>>ySl 2©?gj5£:*j£<i:bT 

X/t.;/^'U>i^©<»6, CVD (ChcBical Vapor Dep 

osition ) j*5:flH.i-g>J;-5!cLTfcJ:t,v Z.O)^oU:^ 

[0 12 8] <»Ki(8a'\>y \^<Dmmizm'r^^mm> 
:*^mm(Dmwnz%?>mmm^^y mi 2 

4R{c*f;e-r-5ffi«i 4 s (0 9#Hg) . -r;^t3^±g5 

5j^-;l/5^-;/yi 4 a»C:fett-5^S^gBl 4 a (3) O-BB© 

IC, l^^gpi 4 a (3) >{»^e.5feaSPl 4 a (1) JC*HtT® 

ite^ie/'«^'->l 3®#«E{CJ:»3, iHligtM 
ytiS'->i 3®i2i$l5Htc*tjSb/tJ;0^Stimi^tciJtt 
■5±gB#-;i/5'>>:7^1 4 a*^&TgBjSffi9'\CDSS*CDil 
ni&«l$!|-rsc:i:*tT#S. ;^*5, *fiiftMA^->l 3 

fl(Hc-rnT^aHT-5J:5tcT-&. 5fe)?ggf 1 4 a (1) ©fiS 

[0 12 9] Sfc. 2|E|lifi<D}gffiTtt. 01 2tC^t,fc 



*T-5*«S51 4 a (1) , 4'rag614a(2) . ^^gPl 
4 a (3) <D3-S)0g5&fC±oT«fig$tl^J;5lc:Lfc 

4a(^CDa^oe«$ffi»U;^£l'ifK*3. igfjp 
y 1 4 a o^mfS. ^ g e& t^Mf ^ vl i: pTtgT 
*^«jte. #J;ltJ, 01 9 ± 
-/14 a COf^*^ D tC, 2 -rxOg^fi:, Ti^t) 
5fe«gPl 4 a (1) fcMj£-r^5feSa5 1 1 4 a (1) t 
^(D^i&^l 1 4 a (1) cfc 0 t>:*c$;**iSr#-r-S^S^SB 
1 1 4 a (2) t»cJ;oT«!^$nsJi^7i?-;i,5"»,:/i 
1 4 a5rfflVi^J:5{CLT*)«tti. J;3:^«-&{c:fe 
l^Tfe, ±gP3j?-;P^->yi 1 4 a<&1t^-r-5^gefiC<D 

■/I 4 aSfflViS«^i:etS|^fi?(D^^Sr»^^t*t-e 

mi 2i5j;yC0l 9Ttt, ±gB7}?— 
7^1 4 a^J:Xf±^^—)V^yyi 1 4 a<D-€-n^^no9 

[0 13 0] ^Mmcommxiit.. mi 2iz^vrz 
j:3iz. :3iy^>{fmmizj:r>xmm^^i 0 o^m^ 
t^mz. 'e(Dmmmmz:isif^mm=^^y:/mi 2, 
Tmmm9^.t:rjmmm/-^:$'->i i hai-y^yi/vx 
±w\zuy)y\,i^^o\z\^tzi)K •SL-r\^%z.t\\zwi^n 

§fe<D-e«7S:<. 01 9fc^bfcJ:5fc, itm 

mn^—yi 3<DgM^©'fi;BJ:0feM#J®M®ra*S 
IBOTlf-Si^fCbTfeiti. *)^^^. 019{C:fel/» 
T. ±.U^—)V^ vZfl 14: a ®-f^t3 D tC±gBiJ^— 
«y:/l 4 aSrfflt>SJ;3tbTt)J:Vi. 019fc 
*ViT. JifBbfcj;^£t^cD«fig«, 01 2 0«^i:i^« 

[0 13 1] sfc, *lllig®0Sg-ett, -hspa-^ (i 
4 f ) *V\--vp-ro¥««3g*^e.;^-5®^fc^tiTiK 
?gbfc*^ (09#Hg) , )^^■rb^)^:n^;:(E^t^st)©-e 

tlfc«l3iJ:0;S:2) (2 1 4 f ) <J:-5lcbTt)J:ti. ±gB 

t^X^^o 02O{C*5liT. ±gB3— i/2 14f 

[0 13 2] *Jlifi©J&S8-X:tt, ±gS>'-;PKS 

7feJ:trFSBllS9*giJ#:tbTJg*Kb, MW®KfCi!e 

mms^mmt^^oizvrzf)^ i£j>-rbt>;intrfEe.ti 

^fe©-Ctt;^<, ^Jx.«, i5i#®FBllc*6»)^8S:BHlSb 

;l'h*^7:fo<fctrFSWlffi9*— l^tbTJ^tSb, 
:ftSJ:3»cbTt>J:li. 
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[0 13 3] mrc. -4^m.m<omm-cit. si^n-fjn 
6 , 19 <D^ti^ti<opqm<Dmmmiz n -i jvmn^^ i e 

s , 1 9 s a SriH^L, ^1^=3-1' ;U 1 9 

icffi^s^ggi 9 s b^Mm-r^.i:oizvrc^K '£:--rv 

16. 1 9 s a(DEia:fi[B?&F«gffl!ld^S^1-<ai'v^Mb> * 

fciB^Si^gBi 9 s ha)mm&.m^i^m^^^(Hm-^^m 
sei 9 s h(Dmm&.mo)m^iimz. ^fS[mm.n^-> 

[0 13 4] [mzommoymm mz. *f§B^<o^2 

[0 13 5] *-r> 02 1~S2 7&#BabT, 

(Dm2<r>^m<Dmm\z%^nmm%^v \^(omm.:f5mL 
^^m<f:>ii»m\z%^mmM%^'^ *ms©}^ 

T. (A) \t.x.7'^7*}yi/m\zmm.fsmm^7riV. 

(B) tt®ffi8P5J-©x7'^TU>i'B{c¥ff;&:Bfffi?&5^ 
LTti^. ig2 5~02 7tt, ^M^igiiietCjtt^ST 
r et?, 0 2 5H0 2 1 {C55Ufc«M 
(C^^JJSL, 02 6tt02 2 t*b75:4i?M»C>fc!f^£:b. 02 
7»d:02 4fc*Lfc4^litm-r-5. fcjt'b, 0 2 5tf 

02 wz^n^mmn^ )VA m^rsmmmA zm 

(D0^Sr#B§b. 02 6TH, 02 2tC*5tt-5^^n'r 
>'1'4 1. iegtK4 2, 4 4 p©0^=£#BSb. 02 7T 
«, 02 4fC;fett-5»Ka'f;|.4 1. «6»IK[4 2. 44 
*3j;at^— A*-3— hS4 5l?<D0^S:^lll§LTl'i-5. 

;i5:i5, 02 i~0 2 7Jc*5t^T, €-0'4'cDX, Y, zm 

mt L, *fc#0't'®±iBm 1 ® jiis«>j^ffitc*it-5«s 

fmmm t m-^^ c «i^-®??^ *> © i -r ^ . 

[0 13 6] *IIJg®J^ffifc:^-5.»l^fiS^'\-y HcD^ig 
^Fi4t:fetiT. 02 lJCi3ltSIB@=^1":/^Ml 2 (ffi 

«, -hlB^ 1 ©||JS©}gMlC*5tt^0 1 tC^Lfcie* 

[0 13 7] *ll*6©Jl^figTtt, ^m^\- yzfmi2^ 

m^vtz<D%. m2\^^-am2 5\iz^\yfzii^\z. m 

mmn'Sf—> 1 1 (D±-is\ziin^w-ws.mm^^ v zfm 

1 2±JC, .^JA««»*-x>€?}£lCj;0, (C 
u) i:.X)iS.i>WiMM<r>mf^^v Kffl©S8EK:3-f;i'4 1 * 
*>)1. 0~1. 5 Mm®Pi?>.T]S*?WtCJ^fiE-r-5. C® 
»Kni';i/4ltt, m«±i2^l ®JliS®Jg^{c43lt 
-S^^n-fJH 6i:|^eiO«|jtW!^@i;S:Wr-5t)®T* 
fS.^. 02 ITtt, SP®!3'f;H 6 ®-gJ^>®;!^?£ 
0^bTliSo }iK3'f;|/4 1 $rJgfi)E-r^fi5IC«, |b1P# 

ic, «sj;i«, ^(op^mo^t^mmz^i^^um^^^vzfm 



1 2±lc, iB«l^g?gP4 1 s^£a^lK3'f;^4 i i:-«:fc: 
jg^KTS. j:®ffiiS[«j^S84 1 stt. ^M^-f ;i^4 1 1 
«iSlc*iiT}gfiESns:3-f;pg5iggffiiK4 3 f h (0 

2 4. (A) i:Sr^^6<JtC^S^^-a:;5)fci6®fc®T 

s^. civi-u, BBii^^gP4 1 sdi, :^mm\z^n^ 

r=i-f;«?Sj ®-a«^fi»Ucmt-S. 

[0 13 8] mz. 02 l:feJ:t^02 Sta^bfcio 
fc> ^^n-f;i.4 1 (gB^««g|iP4 1 s^-^tf) ®S# 

mm^^U'toimm.mmiz. m^viy^ v i^s^x hi o 

J5:S«6i&l^4 2 Srii5«S®:7;i- h U yi^^7>f ffiSkrJ: 

0^^®A^-><»:;ft^J:3fcjgfig-rs. 

4 2 ®^jg«Jittm*iD^JgJ5£*S«. ±IEII 1 ®^ja® 

mmz^^^mmm n. 20 (^m-^izmm-v^^. 

[0 13 9] ^tCv 0 2 1*50:1X02 SiZ^Vfz^o 

iz. Mmcj^)V4 i(Dmmmi^^K)hmmo)W-mfsi^St 

=^^yzfmi 2±l,z. M^iiyu—Atb-ommizj^r). 
±gKSS4 3®-g6^£«^-r^±gP3l^-;i.5^-/:/4 3 a 
**52. 5~3. 5Mm®jPi^-eS*?«»Cjgfie-r'5. CI 
®±gS:4?— Jl/5^->:/4 3 a(3:, mt^, ^^-r-50 2 8 
tC7r^bfccfc3>5:¥®}^4*i2r#-r^t>®TabD^ 5fe)^gB4 

3 a (1) fprS^4 3 a (2) *i:*frp]iC^i-BlbTE 
S$tlfc*^S8gB4 3 a (3) R*5itXfc«^gB4 3 a 
(3) Lt<toT^^Snfc^SI$4 3 a (3) 

ti^. ±BP5)^— ;i'5^->y4 3 a®«}jiW!Nfij:fc-3liTtt 

±S5!}?-;P5^>y:/'4 3 a SrJ^figT-5l?5Jc«, 
mmiZ. ±a51»S4 3®-gCSr:^^-rsffiK«i^g?4 3 
b^'I^OgPl 2 kJcj^/sET^t^lc, E^^g^gB4 1 s 

±iz'prsmmnii'—>4 3 e i&jgf^-r-s (02 stj*. 

lKKSiBggP4 3 h^iiZfipmmm^ii'-yA 3 e *05^ 
•e-r, ) „ ciW^jPel^S^/t^— >4 3 ett, »K[:3'f;i. 

4 1 t^^xmizioii^xms^-^n^zi-r jvmmm^4 3 f 
h t Sriimwjcj*gg$-a-^fc*e)® t>®-zr*-5, 

[0 14 0] CIZIT?. ±aR5j?-JW5^.:,y4 3 a*«, *5! 

BJJC*5lt;£. 1 ®mtt®gK^j-j ®-:^(*:^J{C^**t:b. 
fiSi^i*ii^?fB4 3 b/Ot> :^^miz^Vf^ r^3®fi8tte?K 
^i-j ®-:B:#CSJlc*fJ?^-r-5.o 5fej?gg|54 3 a (1) 

:^%miz^if^ r-^mm^i (D-ma^mizMj^ 

L> 4^rBlSB4 3 a (2) *%?q{C*3t-tS r^^gp^j-j 
®— A«:etHC?*;Sb, ^S§gP4 3a(3) *^B^tc*5 
ttS r^^gp^J-j ®-:R^0iJ{Cjfc*|£C-r^o 
^S^/ti'->4 3 e*t. 2tc^?gic;fett-5 rn-fji^^i^/i 
>j ®— S^t:«sj{c**j£;L., S!^n'f;P4 i, ffiSIS 
m^4 1 s :^J^7J'pm^W^^—> 4 3 e*^, *^^{C 

[0 14 1] 7U-A«e>o^aiCj;oTJigS^-;i/5^.v 
>^4 3 a SrJgfie-r^(^JC«. ±15^ 1 ®SliS®0ffiJc:i5 
t>TJ:SB7p-;P5^5/yi 4 aS:J^J5gLfc«^i:«S;S: 
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1 : Fe = 4 5M*% : 5 5**%) fSi^CDM&^BM 

CO 1 4 2] :kiz. m2 2i3<J:Ut02 6(c5^b&J:'5 
\Z. ±^:^—)V^y':^4 3 a t$eiftK4 2(D&^^(D& 

\Z^l,^xmmm^l O OSrJ^lJcLfc^^tl^liWR I E 

iCtD, ^^f^lCiKJO. 3~0. 4iimeSx>yg^>i^T 

firSJ;0%)ttfi!!wM«{c;fet-tS-hf«#-;i'^y::^4 3 a 
©«a<39|B»=^^ -V y» 1 2 > T^KlKffi 9 iSi:U^m 

n^-yi lifimsimz^^^n. -fiiiciiDTtfe.n 

Z.<Dli^. ±|i5#-;W5^<yy4 3 a©5^CD2^<D 
«SSgP, ■r^t3-^*««S154 3 a (3) R:feJ:TJtfe«SS«5 
43 a (3) Lt4^^1gP4 3 a (2) tJCioTHStlfc^ 
1 4 Y »C^J*:-r-5.|E&^i' y -/g 1 2 43 

2 0 0/&SJ^fig$tli). 

[0 14 3] •»i\Z. m2 2*3*10:02 6C^bfcJ;P 

m«T;i'5-?-B4 4pS*?»3. 0~4. 0 nvnOim-^ 
TEK^bT, ±S|5#— >'1'5^>V7'4 3 a, ai^«^SP4 3 
b. 4>FB^S^n^'->4 3 e43j;tK»K3-f ;V4 

[0 144] ^Jx.«CMP)£IcJ:-5TT;P5:?-)1 

2 3lc^bfcJc3iC, ^|^rn';i^4 l^^Sta-r-S^SS 

^4 4*j^)ESt"s. zKDtfrroffSsaatt. ±a5jp— ;w 

5^.;/:/4 3 a, m^mm%4 3 b*3J:r^4'KlgS^/"<^- 
>4 3 e*t|mi-r'2)*TfT3. iggJJ?— ;W5^>>>'4 3 a 

(om&<r>im.4 3 s j^iK4 4 ©— 

/1iS'->l l:fecfcOf«6&)^4 2. 447Jt, *^§«tC*3tt 

[0 14 51 Wiz. m2 A\z^vfc^o\z. m^mm.^ 

4 3 bG>Ji^*>e>±S65}^-;V5^>y/4 3 a©^S8gP4 3 
a (3) (D±.-^\Zi)^nX<Dm.mz. ±gBffiiffi4 3®-gBSr 
1?}j^-rS±gB3— ^^4 3 f *I?I2. 0~3. O/imea 

off^-rss^wicj^fig-r^. ;i©±aB3-^'4 3 f tt. 

±ia^l<D||JS©JgfiglC:fett^±S53-i' 1 4 



-^7 4 3 f ^m^-r^mz\t. nn\z. ^fsiw^-^^- 
>4 3 e<D±5^*^6.^^b:fe^'^^1■^»IHI^s^c*ntT®M« 

\ZZl-( )VW^UU4 3 f h$rS«WtC}g^-r2>« ±^3 

iixsm^:)5mm\t.. iM^ 1 o^m<Dmw.z^\,^x±.w> 

fe. ±§53-^7 4 3 f =&J^fi£-r ^^tctt> M;^«. ^® 
««r«®(iM*^\ ±^:4?-;i'5^->:/4 3 a{c:*5tt^*ra 
S54 3 a (2) ©S«SS®{iBt— SSc-r^J:'5»ct-St^^ 

^« C©a:€(D±gP3 — i'4 3 f ©^mtCiJlt-Sit^W 
^jttt> 02 7JC5^bfcJ:3lCfj:-5. ZICT. Jl^$3 — 
i/4 3 f*^ 2js:5l?«lc*tt5 r|g 2 ®KttBaS5)-J ®— 
flrft^fi«JtC^*JS:b, >^4 3 a> esSS^SB 

4 3 b*5j;DC_hgP3— ^7 4 3 f {CJ:oT«^£$tl^±gB 

m\zn^^> 

[0 1 4 6] m2 4\Z^'LfziiO\Z. 

j:3»cbT, mx.\i.7.ny9')yif\z^^. mx\t7)v 

[0 14 7] 02 8tt, 2j:||Jg©Jg^lC^S»Sgm^'\ 

•y Ya^n^-^mzi^r^m^^ntzmwrnm.^^:/ ^<r>wm 
\i..iimmA2, AA^iiXS^^-n—^-vm^^mo) 

^<DS^1-JlgC5i'©*«:S^bTti-5. 02 4 (A) 
li. 02 8lc:43lt-2>XX I VA-XX I VA^{C:»ofc 

[0 14 8] 02 8{r^bfc<J;3JC, JigPaS4 3H, 

mxM. ^wenmm\zm^^nt^±M>if--)v^v:fA 

3 a. «SSgEI^SC4 3 b:feiI^±a53-^'4 3 f K:<fco 
T«l^^nTt.^-5. -tg83-i7 4 3 f ±12^1©* 
*S<D)^ffi{r*ttS±g53-i' 1 4 f (0 9#Rg) tim 
®Jp®J^<**WT^t)«>Ta&0. ±S53-i7 1 4 f ©3 

-^7^151 4 f (1) ^^nm^^i A f (2) ©^-n-entc 

^J£rr^3-^7SP4 3 f (1) i^^TS-W^^A 3 f (2) S: 

-&^Tl'^^, ±sP3-^4 3 iommn^WMA 3 f t 

[0 14 9] ±?iB)}?-;i'5^>yy4 3 a«. XT'^TU^ 

^® 9 0 fiii*^ e>)iH«c. ±iam 1 ©sijgoji^^tcfeit s± 

^^-)V^y:/lAa<D9ii^^lAa{l) , >fWe514 
a (2) , »aSP14a(3) (09#Ra) fc?*J&-r^5feS^ 
^4 3 a (1) . 4'F^aP4 3 a (2) . m«SB4 3 a (3) 
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— S6:bTtri-5. 5fe3S!«4 3 a (1) gS^rfSUCiJliT 
aS^3tO*i*WLT(.»S. «f Pp1gK4 3 a (2) tt, m 

Jfej|ggB4 3 a (I) C!)(@J;0:*:^;Jj:iH^W-r'2)HfIgP^)- 

^sgP4 3 a (3) it. MAtf. *i;&r6ifc4i-f8 

(3) R*5J;nt2E^^gP4 3 a (3) L 

i^g54 3a(3) Ri3j;a^^E»iSg64 3 a (3) Ltt. 

fi, •5tj^g64 3 a (1) i3j;r;JctJrBl^4 3 a (2) ©tf't* 

4.3 a (3) ©#itt. «aj^«4'FBlgP4 3 a (2) (Dm^^O) 
ilSteHf— i6:UT(riS. ^^354 3 a (1) t4'ra«4 3 

a (2) t<Dmf^^^\zit.i^:^\(^(Dmmmm^nxi5 
0, z:cD]iieB5^j-tc*5tj-sf rBigP4 3 a (2) Moi^mm 

43adH. mtJ, THOfi[g (SfctiMRHOfi 
S) 0 t)^Jc-rnTfiC®bTVi-5. S2 4JC*Ufc 

[0 1 5 0] @2 4 (A) ;feJ;Dt02 SlZ^VTc^o 
iZ. ±gP3-i74 3 ftt, ^PgRl 2 ktC:fet>Tffl£K« 
4 3 b L TTg^mS 9 1 88« W ^ n-S t 
^JC, 02 4 (A) , 02 7i3ctOJ02 8»C^bfcJ;3 
IC, ±^^—)V^>yy4 3 a®— (^^§54 3 a (3) 

3 a, mf&mm^4 3b, ±^3—i^4 3f) tr^m 

CO 1 5 1] 0 2 SK^Vtz^viZ, mm^'i)l4 l:fe 

j:u^^^«ggB4 1 sit. M^it. ±mmi(Dmm<Dm 

Jitcfefts^j^n-f ;n eijioca-f jufiggggBi 6 s i 

tt> 'pmmw^iS'->4 3 e^iffv-czi'r)mmmm4 
3 f hiimn.mzmu^nT^^^o m^^-i)V4 \ (d9\- 
.ffli®iiiisfflg5fci8tj-^ti}t«gT4 1 xii:j^)v^mmm4 

4 1 imm^'&^z.t^ix^^j^oizysi-ox^^^. 

[0 15 2] ;S:*3, 02 8 t*Ufc±l3£tn®Et9:%tC 

1 3) tmmx&^o 

[0 15 3] ^^m(Dmmxit. moiz^Ltc^oiz. 
±f&m 1 <omm(Dmm(Dm'^izitmu o . 1 4 s 
Mftr^r^mm. rfit^t,. ±n-^s-)v^y:fA3a<D^ 

j^gB4 3 a (3) 4 3 f i^i^t-A*-^ >v 

bTSfi!i!bTi.iSfi8^ai^iS4 3Ric*nrx-rs®«4 3 

SfCfi8ffig5^^2 0 0*J^(£TSfci*®X»;g^>yMa* 

fT-5S5{C^^/'«5' — >1 3S:SigLTlri;^li, 
©J^S8T«, ®«4 3 SW— gfT*-&®®4 3 YJC. U 



mzi-^)i4 im^mwct^tsm.m:4 4(D—^^mtb'^ts 

J:'5JCLTtiS. ®«4 3 YfcS*ii*nfc^»1^4 4 
«Saa^/'?i'->l 3©f^t)D{C, ®«4 3S 

mm4 3 YIC««&ji^nfc«e»l^4 4 09#«EtJ;0, 
iBklKA^'-^l 3?&EI8b;a:<Tt)> JKT® J; 
fC J; -c? Tffl;« 4 3 Y {c;fett «.BS*©J»n*«I^t--5 ;i i 
fS^X^^. -Tfiiot,. ®«4 3 stc*5tt-5a*©iitiM 

i^n> •?-©4>'L-«j^ m^4 3Y^^tsmm fc 

gPTp— ;i,5^>;,^4 3 a'vOfiSmwefiejlSKicfelriT, lit 

*«®^4 3 s(D^'L''mmizm^Lxmn^i)''<;>x$> 

^. Cl®fcJ6> ffi^4 3 YfC*e«fc^4 4 0— SBSfflj&a. 

[0 15 4] Sfc. *ll;^®}gMTrtt, 09, 02 7:fe 
J:CK0 2 8JC5^Ufecfc-5tC, ;i'5^-/:7^4 3 a® 

«S^gP4 3a(3) «i*l«l{C»«tLTlBS3tlfc2t? 
©SBfiC (:&^«gB4 3 a (3) R, tEm^^4 3 a (3) 

4 1 {CiJViT^^bfeSSmtt. ±gP3-^4 3 f F^^&e 
teU, -hge5}?-;p^<vy4 3 a©^)^gB4 3 a (3) R;fe 

<tt/^«SR4 3 a (3) Lizm^i^mzmx-t^. ^-b 

T, ^:&®ggfi:t8iEAbfc«[*tt, ^m^4 3 a (2) 
fittS LT^ZlT^gitL. 5fei^gB4 3a(l) »ce 

jK-r^. :i(Dj:vumy^(D&mmm^m^t^z.i:\z^ 

(3) ) (*^1gE4 3a(2) ) izmMitm 

x-r^n<DmMo)i^mmm.^mm-t^:itA^x^^, z. 

<r>Tzib. ±M-^—)V^y-:f4 3a(D}^mz^\-a>m^<D 
e«8o;^*fi«U, ;W5^>:/:/4 3 aOifeSggP4 

3 a (I) \z-z^W:%^fs.mo>mmmimx^:^^o\z-r^ 

Z.iit)iX^^, 

[0 15 5] :*:Slifi©J^MTtt, nm=3-()V4 1 

<Dtismzmi-f^tiitS£i^migi^4 1 s©±:*jc, ±a5Ji^ 

-;l'5^'>'y4 3 aSrJg^-r-SlStl^— ©X^etCtoT 
4'KS«c/1iS'->4 3 e<&J^JEiET-S=fcpfCtTt>-5. d 

— >14e (08*J:5:X09#Bg) SJ^J«bfc«^t|g 

licof^fflfcio. asK=i-f Ji'4 1 tn'r;i/SJ^iE«i4 3 

[0 15 6] Sfc. *ili6S®Jg|STtt, ±a53-;j7 4 3 

-i7 4 3 f *^e.±g55t?-;W5^>yy4 3 a^N-dSAT-sm^ 

[0 15 7] :;^tc:, 02 9S#flgbT, **iS©«ffifc 
*5lt-5-hgR7}?-;l/5^y:7^4 3 aOJgfig^F^kl-DtiTPaB 
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[0 15 8] :^mm(ommz^^mmm^^y \^<Dmm. 

;V5^>yy4 3 a<Dmmzm^^^y:thU>>Xh/'^f-> 
?&}gfirr«.J:-5»cbTti?). ±^-^—)V^y:^4 3 a® 
BEISMJ®{C*5tt2.TJS (fBgt^^-y:^gi 2) *ws-e 

[0 15 91 02 9tC:feViT> (A) ST^XSJC^fe 

(B) m^xm\z^r)uyt^n^y^hi^i^7.hm 

1 5 (g5^®«l Sly) 

(c) tt, (B) iz^vfzmytmmi s i y^mmr^ 
:zt\z^r)m^n^y*hUz^7.hniS'—>i s 2©^ 

[01601029 (A) hTXi' 5 1 

±m-^—)v^v-:f4 3a(D^mmmzMfBrt^m^ 

*Wt--2.PangS5 1 x^ffi^Tli^. *IISS®J^ffitC*5 
T83tMSIS:fT5::i:tC<J;D, 02 9 (B) Ic^bfei 

:7* hi^v'xhKi 5 wa»5ixtc*t 

7!»j«i^;^n, ::n\z^-:>xm^m^o)m±mmh«9m^ 

^y:f4 3 a(D^:^mmizm^^^ mm4 3 y ; 02 
9 (D) #Bg) *l8:ttTtiS©t?, :7*hvxi^5i® 

^iO. ^^hl/v'Xhl 5 l©5-^©ffiia4 3S(r>i5fJSC 

r^m^izMvxmm^n^mm^(ommii^oti<u 

r£*)^ f^W:m\z. :L(r>Kmmz^smt^mytmm(Dm:k 
mf^amm^n^. tt£.t>^. yytvvz^7.vm \ 5 1 
\zii^\^xMnm.ii.m^^noz.t.timmt.fir^. i^\z. 

y^hU'J7..Ym.\Sl<Do-^. ±mi!^-)V=f-V:f4 3 
a095feS^gP4 3 a (1) {C*f^fc;t-^gS^i-®S5t««®l£± 

[01611 hPv'x h^i 5 1©S^®*^ 

15 1 y^^flfe-rSHtCiO, 02 9 (C) JC^Ufc 
ct^JC, §|Pg51 5 2 z2:^^-rs:7:t h^>'Xh/15'- 
> 1 5 2 SrJ^fiK-r^, vlcDWPgfl 5 2 zW^BJ^tfc 

±gB3j^-;U^-y:/4 3 a©¥®}K«JC^*JS-rS*)© 
Ta^-S, ;fclC, 7* hW":'Xh/"«^->l 5 25£fflViT 



(02 9 (D) ) tm^-^n^. Cl(Dj;-5(CbTJ^t£$ 
nfc±^fB#-J^5">>:7'4 3 a«»5fe«g54 3 a (1) ± 
12^1 <0||jg©Jl^li{C:feltSJiSe5l?— >'l'5"^y:^l 4 a© 
5feJ^gPl 4 a (1) i:I^«©J^4*W#m**-r^;:<!:t;^ 
■5.. TtS^?*., ±.n^-)V^-J^4 3 a©$tSfflgB4 3 a 

(1) fe^fc, ^(D±m\zt>tz-z>xm.m--fi.-'-&^^mT 

[0 16 2] 75:^3. ±^-^—)l^y:f4 3 a ^J^fiKT^ 

^(D^mmiz^^-^xmmvrzjiioiz. 2m^rc\t^tm 

Ji®I5IgC©S3tXS^STJif$5l?-;l/g^>;/-/4 3a^m 

i5E-r^j:-5{cLTfe<fcti. m\z. ^mm<D^m\zii\'^x 

:7;t hW'>';^h^l 5 l©-5^, ±^:^-)V^yZf 
4 3a©5feiSg|54 3a(l) \ZMli>r?>^^<Dn^mmt: 

m<Dm^ (.^m^4 3 a (2) m t\twmiznoz.t\z 
±0, y^fi^ui^T^hmi snzm^^n^mm^o^m 
>i*«$-®«s-&5j:i:*iT€r5©-r?, mmiiLx±m:^ 

-;l'5^>yy4 3 a©5fe«SP4 3 a (1) ^J; OiiS««tCJg 

[0 16 3] :^mm(Dmmz^^mmm^^y h 
®Sj§*i£(cH-r-5-hiB£Ji^©f^ffl> mm^^^zs^mm 
mu. ±m^i<Dms&omm<om'&tmmx$>^(Dx> 

^©IKBJ?r«8S-r^. 

[0 16 41 £A-h, ^^K-z^a^cDm&o^mm^mvfx:^^ 
m^wirnvTciA. *5si^«^n^©iiiS©j^ffi»ciss3 

ifi©fl^i«-ett> J:tB^ 1 ©*ifS©j^si{c:fetts*e&KA 

:S'->13 (012#M) «rBBKL.JS:liJ:'5tLfcdt, 

J:3lC, ±gP3}?-;V^>>y4 3 atC:feltS»«SP4 3 a 
(3) ©T*MiStcJ&i&l!iAiS'->l 3$:iStt, ^j^SK4 
3 a (3) ©-g556«*eig!KA;5'->l 3±izmO±if^Jz 
^IZVXh^^K r©<fc3/^«^JCtt, ^l*5j;a^^2 

© *JS©p^ :fe viTsttB^ L fc^-n^*n©#^©a*© 
mtuzM-r^mmmmttrnz^^-r^^ iiti^x^^o v 

iSii^-B-^ctTjtT^^, :i(D^of3.m-t\zit. 
•ii'-rVh±^-!ii-)l'^y:/4 3 a©-gSdiiteig:^/ti5'- 
> 1 3 ±},zm 0 ±tf ^ J; 5 tc L}^tttl«75: 673:t>%>©T 
ttJa:<> *fi&IKA^'->i 3©*ftfflll®«t*5tt 

■S.¥Sffi±(C±g5#-;W5^!yy4 3 a^«i:*«iB^$n* 

[0 16 51 m^\t. ±m^mm<Dmm^^TS^ 
xmm\^rz*^> ^^bj^. «#ii;?».ffl©gi^^ms[^m 

lg^S:*t-SI3@»ffl©jil^fiS^'\>y H^SSS • 
ffl©R«S!«^|gm^^?&*-rsSSIRmm'^>y HttfejS 

^t^*tBUffl®3fe^©®SJBJf:*)Sftte^1i-fc«jSOSi 
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[0 16 61 

(DM 1 cD#mtt/t5'->®#«tCct-:>T. ^®±5^®«e 

[0 16 7] m^m2mm.a)mmmm.^y h-*fc 
;!)^s-r -g. ffi i ^tKmm(Dm \zm-r \zmmm ®— bp 

t?, C«)^2<D#fia[tt/1i' — ><D#«ElCj:oT, Hi CD 

[0 16 8] Sfc, tt*JB3fBa©^l^li^M'\-y KfCcfc 
T?. C:©m2®#5Stt/1^->(D±:tr{C*3tt^lll©fiS 

[0 16 9] mikm^tm<DMmMm.^v Ktcj; 
jcLfcot?, H 1 (Dm.^m^^(D-^mw>^\z^n^m 

[0 17 0] W*«7|S-il®jSflKm^'\-yH*^c 

mioim.^mu^\z^n^m^^^t'>u<ii^2 

-g5*i««&jiSn-5 J: 3 C VTcO-C. m 1 <Dffi8H4«SC^J- 

rrs-ti-^. ±m(omi&izmib&Mtircfimm<D~m 
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[0171] *fc. iS*^9|B«©^K«ISm'\>;/ H^fc 
mi©lK14g*5j:rXH2©jKttS®3*.OiJ>;>5:< i 
ts^ni:*)ls.^^o\z\^t:^(r)-c. ^laym'^m^^TSm 

[0172] w*:« 1 0 "^tc^-mim 1 1 \zmm 
<ommmm.^'y HSit«i»*JS2 3 sfctttt*]S2 4»c 

B*5J:UtH2©mttSO3-^0Di!>;^<tt)— 

h Wi^^ ^fzit — 'y^a/Vl^h ^t-^^U }i<DT 

loattM;feJ:t^ll2«)fiSttB®5^0ii>;a:< tfe— 5& 

[0 17 3] sfc. mimi imk<Dmmmm,'w 

L. :iWH2 0*mtt/t^->CD#JB±fcBl ©ffittM 
*«iB^SnS«^JC:fel»T, Hl©ffiai4MaK^)-«r}g^-r 

2mm^^-^^~><Dmmm^^mo^oizvxy:t h 
4^i(3^*j?:;f ^M«^-&tfH 1 <r)m.i$.^mmi\z^%T^ 

m 1 »®7tXiSi:> H 2 W#ai4/tiS'->0^®««*^ 

u^cow-mmmzM^-r^m 2 ®®js=£as?wjcii3t-r 

J;U^igi^gB^J'*-Yt:(cj^fig-rsiS t *^tr J; 5 L 

vm-vui/^Ti&±izm 1 ©istt@«»i^*jgjE«-r 
mii^i<DR^mz^^mmsi:mmv. mK^mam^ 

[0 17 4] *fc, M*3B1 8|5«l®»^a^'s-;' HCD 
S}at;5jSfe{CJcn«. B2(DS83tXieiCi5l>T, BIO® 

7 * h U y :7 w xe ic* UTTffi*^ 6> ®S J; 
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[0 17 5] ^Tc. g»*JS2 iiemcD^wa^-^^y 
mm.-:^mz^n\i. sec. miwattssu^^^j^fiKi- 

^ < t fern 1 ©ffittHaS^J-. m 3 

)vtm.n^— y^mo^o \zmmm ©-gg^^i-r rj < 

3 (om^mm»o:>M.:^<Dmtimt.im.i^izm^^^o 
\zm2(Dm^m^^^mfSt-r^tmm\za^)mm/-^^ 
-xDmam izmm.m\zmm.r \zmnmn 
^m^-r^r.mt^^t5^o\zvr^(D-e. a-i)im^± 

< JPfflgP i rJ' - > .t t^i^S fc* 
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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a thin film magnetic head 
and its manufacturing method, capable of obtaining a sufficient 
overwriting characteristic. 

SOLUTION: An insulating film pattern 1 1 is disposed in a recessed 
part 9J provided in a lower magnetic pole 9. The forefi-ont end of 
the insulating film pattern 11 is positioned in the extended area of 
the tip part 14a(1) of an upper pole chip 14a. This insulating film 
pattern 1 1 fijnctions to block the propagation of a magnetic fiux 
from the upper pole chip 14a disposed in the upper area thereof to 
the lower magnetic pole 9 disposed in the lower area thereof. Thus, 
since the propagation of the magnetic flux from the upper pole chip 
14a to the lower magnetic pole 9 is suppressed because of the 
presence of the insulating film pattern 1 1 . sufficient magnetic fluxes 
are supplied to the tip part 14a(1) without any shortage. Thus, a 
good overwriting characteristic is secured. 
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CLAIMS 



tClaim(s)] 

[Claim 1] The 1st magnetic layer and 2nd magnetic layer containing two magnetic poles to which the shape of 
surface type counters the part by the side of the record-medium opposed face which counters a record medium 
through the gap layer which has a flat field which were connected magnetically. While having the thin film coil 
section arranged through the insulating layer between these two magnetic layers It is the thin film magnetic head 
containing the 1st magnetic layer part which has the constant width part which specifies the recording track width 
efface of a record medium while said 1st magnetic layer extends from said record-medium opposed face in the die- 
length direction separated from this field. While being laid under the crevice established in the part of the side which 
touches said gap layer of said 2nd magnetic layer and making said a part of insulating layer The thin film magnetic 
head to which the location of that forefront edge is equipped with the 1st nonmagnetic pattern which specifies the 
location of the forefront edge of said insulating layer, and the forefront edge of this 1 st nonmagnetic pattern is 
characterized by being located in the extension field of said constant width part among the extension fields of said 
1 st magnetic layer part 

[Claim 2] Furthermore, the thin film magnetic head according to claim 1 characterized by having the 2nd 
nonmagnetic pattern in said gap layer which extends so that the field where said 1st nonmagnetic pattern touches 
may be touched in the field of an opposite hand, and makes said a part of insulating layer. 

[Claim 3] The front face near the forefront edge of said 2nd nonmagnetic pattern is the thin film magnetic head 
according to claim 2 characterized by making the slant face which inclined to the front face of said gap layer. 
[Claim 4] It is the thin film magnetic head according to claim 2 or 3 which the location of the forefront edge of said 
2nd nonmagnetic pattern is retreating in the die-length direction rather than the location of the forefront edge of 
said 1 st nonmagnetic pattern, and is characterized by having extended from on the field where said gap layer is flat, 
having magnetic layer applied [ said / 1st ] it on the slant face of said 2nd nonmagnetic pattern. 
[Claim 5] Said constant width part at least is the thin film magnetic head according to claim 4 characterized by 
having extended on [ of said 1 st magnetic layer part ] the flat field of said gap layer. 

[Claim 6] Said 1st magnetic layer part is the thin film magnetic head given in any 1 term of claim 1 characterized by 
having the joining segment with which at least two connections further arranged crosswise [ truck ] by dissociating 
mutually, and said constant width part and said at least two connections are made to connect magnetically thru/or 
claim 5. 

[Claim 7] The thin film magnetic head according to claim 6 characterized by embedding said a part of insulating layer 
in the field surrounded by the amount of [ said joining segment in said 1st magnetic layer part, and ] said at least 
two connections- 

[Claim 8] The 2nd magnetic layer part with which said 1st magnetic layer overiapped selectively said a part of 1st 
magnetic layer part further, and was connected magnetically. The thin film magnetic head given in any 1 term of 
claim 1 characterized by including the 3rd magnetic layer part for making said the 2nd magnetic layer part and said 
2nd magnetic layer connect magnetically thru/or claim 7. 

[Claim 9] Either [ at least ] said 1st magnetic layer or said 2nd magnetic layer is the thin film magnetic head given in 
any 1 term of claim 1 characterized by consisting of an ingredient containing either a ferronickel alloy or nitriding 
iron thru/or claim 8. 

[Claim 10] Either [ at least ] said 1st magnetic layer or said 2hd magnetic layer is the thin film magnetic head given 
in any 1 term of claim 1 characterized by consisting of an ingredient containing an amorphous alloy thru/or claim 8. 
[Claim 1 1] Said amorphous alloy is the thin film magnetic head according to claim 10 characterized by being either a 
cobalt iron alloy or a zirconium cobalt iron alloy. 

[Claim 12] The 1st magnetic layer and 2nd magnetic layer containing two magnetic poles to which the shape of 
surface type counters the part by the side of the record^medium opposed face which counters a record medium 
through the gap layer which has a flat field which were connected magnetically. While having the thin film coil 
section arranged through the insulating layer between these two magnetic layers It is the manufacture approach of 
the thin film magnetic head containing the 1st magnetic layer part which has the constant width part which specifies 
the recording track width of face of a record medium while said 1st magnetic layer extends from said record- 
medium opposed face in the die-length direction separated from this field. So that the forefront edge may be 
located in the extension field of said constant width part of the extension fields of said 1st magnetic layer part and 
may specify the location of the forefront edge of said insulating layer to the crevice established in the part of the 
side which touches said gap layer of said 2nd magnetic layer The manufacture approach of the thin film magnetic 
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head characterized by including the process which forms the 1st nonmagnetic pattern which makes said a part of 
insulating layer. 

[Claim 13] Furthermore, the manufacture approach of the thin film magnetic head according to claim 12 
characterized by including the process which forms the 2nd nonmagnetic pattern which makes said a part of 
insulating layer so that it may extend in contact with the field where said 1st nonmagnetic paUem in said gap layer 
touches in the field of an opposite hand. 

[Claim 14] The manufacture approach of the thin film magnetic head according to claim 13 that the location of the 
forefront edge of said 2nd nonmagnetic pattern is characterized by forming said 2nd nonmagnetic pattern so that it 
may retreat in the die-length direction rather than the location of the forefront edge of said 1 st nonmagnetic 
pattern. 

[Claim 15] The manufacture approach of the thin film magnetic head given in any 1 term of claim 12 characterized 
by the thing of said 1st magnetic layer part for which said constant width part is formed at least on the field where 
said gap layer is flat thru/or claim 14. 

[Claim 16] Said 1st magnetic layer part so that it may have the joining segment with which at least two connections 
further arranged crosswise [ truck ] by dissociating mutually, and said constant width part and said at least two 
connections are made to connect magnetically The manufacture approach of the thin film magnetic head given in 
any 1 term of claim 12 characterized by forming said 1st magnetic layer part thru/or claim 15. 
[Claim 1 7] The front face near the forefront edge of said 2nd nonmagnetic pattern the slant face which inclined to 
the front face of said gap layer Nothing, [ when at least the part of those for said joining segment of the 1st 
magnetic layer part and said connection Is arranged on the slant face of this 2nd nonmagnetic pattern ] The process 
in which it forms a photoresist layer as the process which forms said 1st magnetic layer part covers the field where 
said gap layer Is flat at least, and the slantH'ace field of said 2nd nonmagnetic pattern. The 1st exposure process 
which exposes selectively the 1 st field which includes the field corresponding to the flat-surface configuration of 
said constant width part among the photoresist layers in the field where said gap layer is flat. The inside of said 
photoresist layer in the field applied to the field where said gap layer is flat from the slant-face field of said 2nd 
nonmagnetic pattern. The 2nd exposure process which exposes selectively the 2nd field corresponding to the flat- 
surface configuration for said joining segment and said connection at least. The process which forms a photoresist 
pattern by developing said 1st field of said photoresist layers, and the field of the both sides of said 2nd field 
collectively. The manufacture approach of the thin film magnetic head given In any 1 term of claim 12 characterized 
by including the process which forms a part for said constant width part, said joining segment, and said connection 
in one using said photoresist pattern thru/or claim 16. 

[Claim 18] The manufacture approach of the thin film magnetic head according to claim 17 characterized by making 
it said the 1st field and said 2nd field overiap selectively In said 2nd exposure process. 

[Claim 19] The manufacture approach of the thin film magnetic head given in any 1 term of claim 16 characterized 
by embedding said a part of Insulating layer to the field surrounded by the amount of [ said joining segment in said 
1st magnetic layer part, and ] said at least two connections thru/or claim 18. 

[Claim 20] The 2nd magnetic layer part with which said 1st magnetic layer overlapped selectively said a part of 1st 
magnetic layer part further, and was connected magnetically. The manufacture approach of the thin film magnetic 
head given In any 1 term of claim 12 characterized by forming said 1st magnetic layer so that the 3rd magnetic layer 
part said the 2nd magnetic layer part and said 2nd magnetic layer are made to connect with magnetically may be 
included thru/or claim 1 9. 

[Claim 21] Furthermore, the process which forms the coil connection pattern which makes said a part of thin film 
coil section on the coil end prepared in the edge of said thin film coil section while forming said 3rd magnetic layer 
part at the same time It forms said 1st magnetic layer part. The process which forms the coil laying-under-the- 
ground layer which makes said a part of Insulating layer so that said 1st magnetic layer part, said 3rd magnetic layer 
part, and said coil connection pattern may be covered at least. The process to which flattening of the front face of 
the increase of said coil laying under the ground is ground and carried out until said 1st magnetic layer part, said 3rd 
magnetic layer part, and said coil connection pattern are exposed at least. At the same time it forms said 2nd 
magnetic layer part on the flat side after said polish so that it may connect with both exposed surfaces and 
magnetic targets of said 1 st magnetic layer part and said 3rd magnetic layer part The manufacture approach of the 
thin film magnetic head according to claim 20 characterized by Including the process which forms a conductive layer 
pattern so that it may connect with the exposed surface and the electric target of said coil connection pattern. 
[Claim 22] The manufacture approach of the thin film magnetic head given in any 1 term of claim 12 characterized 
by using the ingredient containing either a ferronickel alloy or nitriding iron as one [ at least ] formation ingredient of 
said 1st magnetic layer and said 2nd magnetic layer thru/or claim 21. 

[Claim 23] Manufacture of the thin film magnetic head given in any 1 term of claim 1 2 characterized by using the 
Ingredient containing an amorphous alloy as one [ at least ] formation Ingredient of said 1st magnetic layer and said 
2nd magnetic layer thru/or claim 21. 

[Claim 24] The manufacture approach of the thin film magnetic head according to claim 23 characterized by using 
either a cobalt iron alloy or a zirconium cobalt iron alloy as said amorphous alloy. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film magnetic head which writes in at least and has the 

induction type MAG sensing element of business, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, the improvement in the engine performance of the thin film magnetic 
head is called for with improvement in the surface recording density of a hard disk drive unit. The compound-die 
thin film magnetic head of the structure which carried out the laminating of the reproducing head which reads as the 
thin film magnetic head with the recording head which has an induction type MAG sensing element for writing, and 
has the magnetic-reluctance (it is hereafter described as MR (Magneto Resistive).) component of business is used 
widely. 

[0003] In order to raise recording density among the engine performance of a recording head, it is necessary to 
raise the track density in a magnetic-recording medium. It is necessary to realize the recording head of the narrow 
track structure which narrowed width of face in the air bearing side of that lower magnetic pole (bottom product 
pole) formed up and down and an up magnetic pole (top pole) from several microns to submicron order on both sides 
of the record gap (write gap), and for that, in order to attain this, the semi-conductor processing technique is used. 
[0004] Here, with reference to drawing 31 - drawing 36 . the manufacture approach of the compound-die thin film 
magnetic head is explained as an example of the manufacture approach of the conventional thin film magnetic head. 
[0005] By this manufacture approach, ifirst, as shown in drawing 31 , the insulating layer 102 which consists of an 
aluminum oxide (it is only called an "alumina" below aluminum2 03;.) is deposited by the thickness of about about 
5.0-10.0 micrometers on the substrate 101 which consists of ARUTIKKU (aluminum 203 and TIC). Next, the lower 
shielding layer 103 for the reproducing heads is formed on an insulating layer 102. Next, on the lower shielding layer 
103. sputter deposition for example, of the alumina layer is carried out by the thickness of 100-200nm, and the 
shielding gap film 104 is formed. Next, the MR film 105 for constituting MR component for playback is formed on the 
shielding gap film 104 at the thickness of dozens of rim, and patterning is carried out to a desired configuration by 
photolithography processing of high degree of accuracy. Next, after forming in the both sides of the MR film 105 the 
lead layer (not shown) as a drawer electrode layer which connects with this MR film 105 electrically, the shielding 
gap film 106 is formed on this lead layer, the shielding gap film 104. and the MR film 105, and the MR film 105 is laid 
underground in the shielding gap film 104.106. Next, the lower [ up shielding-cum-] magnetic pole (henceforth a 
lower magnetic pole) 107 which consists of a magnetic adjuster used for the both sides of the reproducing head and 
a recording head, for example, a ferronickel alloy, (it is also only called "a permalloy (trade name)" below NiFe;.) is 
formed on the shielding gap film 106. 

[0006] Next, as shown in drawing 32 , the record gap layer 108 which consists of an insulating material, for example, 
an alumina, is formed on the lower magnetic pole 107. and it forms on this record gap layer 108 so that it may 
become a predetermined pattern about the photoresist film 109 by the photolithography of high degree of accuracy. 
Next, the thin film coil 1 10 for the recording heads of the induction type which consists of copper (Cu) is formed for 
example, by the galvanizing method on the photoresist film 109. Next as the photoresist film 109 and the thin film 
coil 1 10 are covered, it forms so that it may become a predetermined pattern about the photoresist film 111 by the 
photolithography of high degree of accuracy. Next, as opposed to the photoresist film 1 1 1. it heat-treats at the 
temperature of 250 degrees for insulation-izing between each coil of the thin film coll 110. 
[0007] Next, as shown in drawing 33 . in a back (right-hand side In drawing 33 ) location, for magnetic-path 
formation, a part of record gap layer 108 is etched selectively, opening 108a is formed, and a part of lower magnetic 
pole 107 is exposed rather than the thin film coil 110. Next as the exposed surface, the photoresist film 111, and 
the record gap layer 108 of the lower magnetic pole 107 are covered, the up [ an up yoke-cum-] magnetic pole 
(henceforth an up magnetic pole) 112 which consists of a magnetic actjuster which has high saturation magnetic flux 
density, for example, a permalloy, is formed selectively. 

[0008] As an approach of forming the up magnetic pole 1 12, as shown in JP. 7-26251 9A the frame galvanizing 
method is used, for example. In forming the up magnetic pole 112 using the frame galvanizing method, on the whole, 
it forms the thin electrode layer which consists of a permalloy by sputtering on the coil part (henceforth the "APEX 
section") which was covered by the photoresist film 1 1 1 and rose in the shape of a crest first Next, after applying a 
photoresist on this electrode layer and forming the photoresist film, patterning of this photoresist film is carried out 
by photolithography processing, and the frame for plating processing (outer frame) is fonmed. Next, the plating film 
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which consists of a permalloy by the galvanizing method is grown up using the electrode layer formed previously as 
a seed layer, and the up magnetic pole 1 1 2 is formed. 

[0009] Besides, the section magnetic pole 1 1 2 has a flat-surface configuration as shown in drawing 36 mentioned 
later, for example, and contains yoke section 1 12a and pole chip section 112b. The up magnetic pole 112 contacts 
the lower magnetic pole 1 07 in opening 1 08a. and is connected magnetically. Next, after etching about 0.5 
micrometers of both sides of the record gap layer 108 and the lower magnetic pole 107 selectively by ion milling by 
using a part of up magnetic pole 112 (pole chip section 1 12b) as a mask (refer to drawing 35 ). the overcoat layer 
1 13 which consists of an alumina is formed on the up magnetic pole 1 12. Finally, according to machining or a polish 
process, the truck side 1 20 of a recording head and the reproducing head, i.e., an air bearing side, is formed, and the 
thin film magnetic head is completed. 

[0010] Drawing 34 - drawing 36 express the structure of the thin film magnetic head in the condition of having 
completed. Drawing 34 expresses the cross section of the thin film magnetic head in a direction vertical to the air 
bearing side 120, drawin g 35 expands and expresses the cross section in a direction parallel to the air bearing side 
1 20 of a magnetic pole part here, and drawing 3636 expresses the planar structure. Here, drawing 33 is equivalent to 
the view cross section which met XXXIII-XXXIII line in drawing 36 R> 6. In addition, in drawing 34 - drawing 36 , the 
graphic display of overcoat layer 113 grade is omitted. Moreover, in drawing 36 . only those outermost edges are 
illustrated about the thin film coil 1 10 and the photoresist film 111. 

[001 1] In drawing 34 and drawing 36 . "TH" expresses throat height (Throat Height) and "MRH" expresses MR 
height. Here, "throat height (TH)" is one of the factors which opt for the engine performance of a recording head, 
and is the die length from the location of the edge of the side nearest to the air bearing side 1 20 of the insulating 
layer (photoresist film 1 1 1) for dividing the thin film coil 110 into other conductive parts and electric targets, i.e., a 
throat height zero location. (THO location) to the location of the air bearing side 1 20. In order to raise the engine 
performance of a recording head, it is necessary to optimize throat height (TH). This throat height (TH) is controlled 
by the amount of polishes at the time of forming the air bearing side 120. Moreover, "MR height (MRH)" is the die 
length from the location of the edge of the furthest side from the air bearing side 120 of the MR film 105. i.e.. MR 
height zero location. (MRHO location) to the location of the air bearing side 120. This MR height (MRH) is also 
controlled by the amount of polishes at the time of forming the air bearing side 1 20. 

[0012] As a factor which opts for the engine performance of the thin film magnetic head, there is an APEX angle 
type (Apex Angleitheta) shown in drawing 34 else [, such as throat height (TH) and MR height (MRH) ]. This APEX 
angle type theta is the average skew ratio of the slant face of the side near the air bearing side 120 of the 
photoresist film 111. 

[0013] As shown in drawing 35 , the structure where some both sides of the record gap layer 108 and the lower 
magnetic pole 107 were etched in self align to pole chip section 1 12b of the up magnetic pole 1 12 is called trim 
(Trim) structure. According to this trim structure, the increment in the effective width of recording track by the 
breadth of the magnetic flux generated at the time of the writing of a narrow track can be prevented. "P2W" shown 
all over drawing expresses, the width of face (henceforth the "width of recording track"), i.e., the magnetic pole 
width of face, of the part (only henceforth "the magnetic pole part 500") which has trim structure. It depends for 
this processing dimension of magnetic pole width-ofH^ace P2W on the width of face of the part corresponding to the 
magnetic pole part 500 of the masks (in the above-mentioned case, it is a photoresist film pattern) used in case 
etching processing for forming trim structure is performed. Moreover. "P2L" shown all over drawing expresses, the 
thickness, i.e.. the magnetic pole length, of pole chip section 1 1 2b which constitutes a part of magnetic pole part 
500. In addition, as shown in drawing 35 . the lead layer 121 as a drawer electrode layer which connects with this 
MR film 105 electrically is formed in the both sides of the MR film 105. However, the graphic display of the lead 
layer 121 is omitted in drawing 31 - drawing 34 . 

[0014] as shown in drawing 36 , the up magnetic pole 112 has yoke section 1 12a which occupies the most, and pole 
chip section 1 12b which has the width of face of about 1 law as magnetic pole width-of-fece P2W. In the joining 
segment of yoke section 1 1 2a and pole chip section 1 1 2b. the rim of yoke section 1 1 2a is making the include angle 
beta for the include angle alpha in the nothing and above-mentioned joining segment to the field where the rim of 
pole chip section 1 12b is parallel to the air bearing side 120 to the field parallel to the air bearing side 120. Here, 
alpha is 45 degrees and beta is 90 degrees. As described above, pole chip section 1 12b is a part used as the mask 
at the time of forming the trim structure of the magnetic pole part 500. Pole chip section 1 12b extended on the flat 
record gap layer 108. and yoke section 112a has extended on the APEX section so that drawin g 34 and drawing 36 
may show. 

[0015] In addition, about the structural description with a detailed up magnetic pole, JP,8-249614,A has a 
publication, for example. 

[0016] In the conventional thin film magnetic head which has structure as shown in drawing 33 . the magnetic flux 
produced with the thin film coil 1 1 0 at the time of informational record actuation spreads the inside of the up 
magnetic pole 112 toward pole chip section 112b from yoke section 112a. and reaches to the head of pole chip 
section 1 1 2b eventually. The magnetic flux which reached at the head of pole chip section 1 1 2b makes that exterior 
generate a signal field, and information record to the record medium which is not illustrated by this signal field is 
performed. 
[0017] 

[Problem(s) to be Solved by the Invention] In order to secure the overwrite lump property which was excellent in 
the thin film magnetic head, i.e., an over-writing property, here, generally it is required smooth and to fully supply 
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magnetic flux to pole chip section 1 12b of the up magnetic pole 1 12 in order to fully generate the above-mentioned 
signal field. 

[0018] However, in the conventional thin film magnetic head shown in drawing 33 , only the thin record gap layer 108 
of thickness is arranged between pole chip section 112b of the up magnetic pole 112, and the lower magnetic pole 
107. For this reason, without reaching at the head of pole chip section 1 12b. a part of magnetic flux which flowed 
into pole chip section 1 12b from yoke section 1 12a will pass the record gap layer 108, and it will spread it to the 
lower magnetic pole 107. Below, "magnetic flux should leak propagation of the magnetic flux from the up magnetic 
pole 1 12 by passing the record gap layer 108 to the lower magnetic pole 107." Suppose that it calls. Such an 
inclination becomes remarkable in field 112S between the field especially formed on the flat record gap layer 108 of 
the up magnetic poles 112. and the field formed on the APEX section. In field 112S which extend in the thickness 
direction (the vertical direction in drawing), it is because the flow of the magnetic flux which goes to down [ in 
drawing ] produces the inside of the up magnetic pole 112. 

[0019] Above-mentioned "magnetic flux should leak" induces the following nonconformities. 
[0020] 1) When magnetic flux leaks from the up magnetic pole 1 12 to the lower magnetic pole 107. the absolute 
magnitude of the magnetic flux which spreads the inside of the up magnetic pole 112 from yoke section 112a to pole 
chip section 1 12b decreases. It becomes impossible in such a case, to fully supply the magnetic flux generated with 
the thin film coil 1 10 to the head of pole chip section 11 2b. For this reason, the over^-writing property of the thin 
film magnetic head will fall remarkably. 

[0021] 2) Concentration of the local magnetic flux to the lower magnetic pole 107 by the leakage of magnetic flux 
has an adverse effect on reading actuation of the thin film magnetic head For example, when magnetic flux 
concentrates on the lower magnetic pole 107 beyond the need, and the part passes the lower magnetic pole 107 
further and reaches to the MR film 105. the magnetic flux which reached to the MR film 105 acts as a magnetic 
noise at the time of reading actuation of the reproducing head. By this, normal reading actuation of the thin film 
magnetic head will be checked. 

[0022] It is in this invention having been made in view of this trouble, and especially the object offering the thin film 
magnetic head in the propagation process of magnetic flux which can control "magnetic flux should leak" and can 
acquire sufficient exaggerated illite property, and its manufacture approach. 
[0023] 

[Means for Solving the Problem] The 1st magnetic layer and 2nd magnetic layer in which the thin film magnetic head 
of this invention contains two magnetic poles to which the shape of surface type counters the part by the side of 
the record-medium opposed face which counters a record medium through the gap layer which has a flat field and 
which were connected magnetically. While having the thin film coil section arranged through the insulating layer 
between these two magnetic layers It is the thin film magnetic head containing the 1 st magnetic layer part which 
has the constant width part which specifies the recording track width of face of a record medium while the 1st 
magnetic layer extends from a record-medium opposed face in the die-length direction separated from this field. 
While being laid under the crevice established in the part of the side which touches the gap layer of the 2nd 
magnetic layer and making a part of insulating layer, the location of the forefront edge is equipped with the 1st 
nonmagnetic pattern which specifies the location of the forefront edge of an insulating layer. It is made for the 
forefront edge of this 1 st nonmagnetic pattern to be located in the extension field of the constant width part of the 
extension fields of the 1 st magnetic layer part 

[0024] The manufacture approach of the thin film magnetic head of this invention to the part by the side of the 
record-medium opposed face which counters a record medium The 1st magnetic layer and 2nd magnetic layer 
containing two magnetic poles which the shape of surface type counters through the gap layer which has a flat field 
which. were connected magnetically. While having the thin film coil section arranged through the insulating layer 
between these two magnetic layers It is the manufacture approach of the thin film magnetic head containing the 1st 
magnetic layer part which has the constant width part which specifies the recording track width of face of a record 
medium while the 1st magnetic layer extends from a record-medium opposed face in the die-length direction 
separated from this field. So that the forefront edge may be located in the extension field of the constant width part 
of the 1 st extension field for an insulating layer and may specify the location of the forefront edge of an insulating 
layer to the crevice established in the part of the side which touches the gap layer of the 2nd magnetic layer It is 
made to include the process which forms the 1 st nonmagnetic pattern which makes a part of insulating layer. 
[0025] The location of the forefront edge of an insulating layer is specified by the location of the forefront edge of 
the 1st nonmagnetic pattern which makes a part of insulating layer by the thin film magnetic head of this invention. 
Here, "the location of the forefront edge of an insulating layer" is a location of the edge of the side nearest to the 
record-medium opposed face of the edges of an insulating layer. Especially, propagation of the magnetic flux from 
that upper part field to a lower part field is controlled by existence of this 1st nonmagnetic pattern. 
[0026] You may make it have the 2nd nonmagnetic pattern which extends so that the field where the 1st 
nonmagnetic pattern In a gap layer touches may be touched further in the field of an opposite hand, and makes a 
part of insulating layer by the thin film magnetic head or its manufacture approach of this invention. 
[0027] Moreover, you may make it make the slant face where the front face near the forefront edge of the 2nd 
nonmagnetic pattern inclined to the front face of a gap layer in the thin film magnetic head of this invention. 
[0028] Moreover, it is made for the location of the forefront edge of the 2nd nonmagnetic pattern to retreat in the 
die-length direction rather than the location of the forefront edge of the 1st nonmagnetic pattern, and the 1st 
magnetic layer part applies on the slant face of the 2nd nonmagnetic pattenn, and you may make it extend in the 



http:/ / www4.ipdl.ncipi.go.jp/cgi-bin/tran_web.cgi_eije 



2006/03/22 



JP.2001-266309,A [DETAILED DESCRIPTION] 



thin film magnetic head ofthis invention from on the field where a gap layer IS flat . «, 

[0029] Moreover, you may make it form the 2nd nonmagnetic pattern by the manufacture approach of the thin film 
magnetic head ofthis invention, so that the location of the forefront edge of the 2nd nonmagnetic pattern may 
retreat in the die-length direction rather than the location of the forefront edge of the 1st nonmagnetic pattern 
[0030] Moreover, you may make it a constant width part extend on the flat field of a gap layer of the 1st magnetic 
layer part at least by the thin film magnetic head or its manufacture approach of this invention. ...... 

[0031] Moreover, you may make it have the joining segment with which at least two connections by which the 1st 
magnetic layer part was further arranged crosswise [ truck ] by dissociating mutually, and a constant width part and 
at least two connections are made to connect magnetically by the thin film magnetic head or its manufacUire 
approach of this invention. In such a case, a part of insulating layer may be made to be embedded to the field 
surrounded by the amount of [ the joining segment in the 1st magnetic layer part, and ] at least two connections. 
[0032] moreover, by the manufacture approach of the thin film magnetic head of this invention The slant face where 
the front face near the forefront edge of the 2nd nonmagnetic pattern inclined to the front face of a gap layer 
Nothing When at least the part of those for the joining segment of the 1 st magnetic layer part and a connection is 
arranged on the slant face ofthis 2nd nonmagnetic pattern The process in which it fomis a photoresist layer as the 
process which forms the 1st magnetic layer part covers the field where a gap layer is flat at least, and the slant- 
face field of the 2nd nonmagnetic pattern. The 1st exposure process which exposes selectively the 1st field which 
includes the field corresponding to the flat-surface configuration of a constant width part among the photoresist 
layers in the field where a gap layer is flat. The 2nd exposure process which exposes selectively the 2nd field 
corresponding to the flat-surface configuration for a joining segment and a connection at least among the 
photoresist layers in the field applied to the field where a gap layer is flat from the slant-face field of the 2nd 
nonmagnetic pattern. You may make it include the process which fonms a photoresist pattern, and the process 
which forms a part for a constant width part, a joining segment, and a connection in one using a photoresist pattern 
by developing the 1st field of the photoresist layers, and the field of the both sides of the 2nd field collectiveh^. In 
such a case, in the 2nd above-mentioned exposure process, it is suitable to make it the 1st field and 2nd field 

overlap selectively. i • ^.u o j 

[0033] Moreover, you may make it the 1st magnetic layer contain the 3rd magnetic layer part for making the 2nd 
magnetic layer part which overlapped selectively a part of 1st magnetic layer part further, and was connected 
magnetically, the 2nd magnetic layer part, and the 2nd magnetic layer connect magnetically by the thin film magnetic 
head or its manufacture approach of this invention. ■ ^ u i.u 

[0034] moreover, by the manufacture approach of the thin film magnetic head ofthis invention Furthermore, the 
process which forms the coil connection pattern which makes a part of thin film coil section on the coil end 
prepared in the edge of the thin film coil section while forming the 3rd magnetic layer part at the same time it forms 
the 1st magnetic layer part. The process which fonns the coil laying-under-the-ground layer which makes a part of 
insulating layer so that the 1st magnetic layer part, the 3rd magnetic layer part, and a coil connection pattern may 
be covered at least. The process to which flattening of the fi^nt face of the increase of coil laying under the ground 
is ground and carried out until the 1st magnetic layer part, the 3rd magnetic layer part, and a coil connection pattern 
are exposed at least You may make it include the process which forms a conductive layer pattern so that it may 
connect with the exposed surface and the electric target of a coil connection pattern at the same time it forms the 
2nd magnetic layer part on the flat side after polish so that it may connect with both exposed surfaces and 
magnetic targets of the 1 st magnetic layer part and the 3rd magnetic layer part 

[0035] Moreover, you may make it either [ at least ] the 1st magnetic layer or the 2nd magnetic layer consist of an 
ingredient which you may make it consist of an ingredient containing either a ferronickel alloy or nitnding iron, or 
contains an amorphous alloy by the thin film magnetic head or its manufacture approach of this invention. As the 
above-mentioned amorphous alloy, it is suitable to use either a cobalt iron alloy or a zirconium cobalt iron alloy. 

[0036] . . , . J * -1 ..u 

[Embodiment of the Invention] Hereafter, the gestalt of operation ofthis invention is explained to a detail with 

reference to a drawing. 

[0037] [The gestalt of the 1st operation] ... • 

<the manufacture approach of the thin film magnetic head> — with reference to drawing ! - drawing _12 .an 
example of the manufacture approach of the compound-die thin film magnetic head as the manufacture approach of 
the thin film magnetic head concerning the gestalt of operation of the 1st of this invention is explained firet 
[0038] In drawing 1 - drawing 9 . (A) shows a cross section vertical to an air bearing side, and (B) shows the cross 
section parallel to the air bearing side of a magnetic pole part DrawingJO - drawingjg are the perspective views 
corresponding to main production processes. Here, drawing 10 conresponds to the condition which showed in 
drawing 4 drawing 11 corresponds to the condition which showed in drawing 5 . and drawing 12 con-esponds to the 
condition which showed in drawing 9 . However, at drawing 11 . the graphic display of the insulator layer 15 ffrado m 
drawing 5 is omitted, and the graphic display of the insulator layers 15. 1 7. 18. 20. and 21 in drawing 9 . the thin film 
coils 1 6 and 1 9. and overcoat layer 22 grade is omitted by drawing 12 . u j • r 

[0039] While writing "the cross direction (or longitudinal direction)" for X shaft orientations in each drawing of ^ 
drawin g 1 - drawing 12 and writing the "die-length direction" and Z shaft orientations for Y shaft onerrtations as a 
thickness direction (or the vertical direction)" in the following explanation It shall write a before side (or fi^nt) . 
and it shall write "the backside (or back)". [ the side (or side which serves as the air beanng side 90 in an after 
process) near the air bearing side 90 of the Y shaft orientations ] [ the opposite hand ] 
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[0040] By the manufacture approach concerning the gestalt of this operation, first, as shown in drawing 1 , the 
insulating layer 2 which consists of an alumina is deposited by the thickness of about 3.0-5.0 micrometers on the 
substrate 1 which consists of ARUTIKKU (aluminum 203 and TiC). Next, on an insulating layer 2. for example, 
photolithography processing and plating processing are used, for example, a permalloy (nickelrSO % of the weight, 
Fe:20 % of the weight) is selectively formed by the thickness of about 3.0 micrometers, and the lower shielding layer 
3 for the reproducing heads is formed, next, the whole — a wrap — after forming the insulator layer which consists 
of an alumina by the thickness of about 4.0-5.0 micrometers like, until the lower shielding layer 3 is exposed — the 
front face of an insulator layer — for example, CMP (chemical machinery polish) — it grinds by law and flattening of 
the whole is carried out 

[0041] Next, as shown in drawing 1 , the shielding gap film 4 which consists of an alumina is formed by the thickness 
of about 100-200nm by sputtering on the lower shielding layer 3. Next, the situation is carried out so that it may 
become the configuration of a request of the MR film 5 for constituting MR component which is the important 
section of the reproducing-head section on the shielding gap film 4 by the photolithography of high degree of 
accuracy. Next, after forming in the both sides of the MR film 5 the lead layer (not shown) as a drawer electrode 
layer which connects with this MR film 5 electrically, the shielding gap film 6 is formed on this lead layer, the 
shielding gap film 4. and the MR film 5, and the MR film 5 is laid underground in the shielding gap film 4 and 6. 
[0042] Next, as shown in drawing 1 , the up shielding layer 7 is selectively formed by the thickness of about 1.0-1.5 
micrometers on the shielding gap film 6. A formation ingredient, the formation approach, etc. of the up shielding layer 
7 are the same as that of the case of the lower shielding layer 3. 

[0043] Next, as shown in drawing 1 . the insulator layer 8 which consists of an alumina is formed by the thickness of 
about 0.15-0.2 micrometers by sputtering on the up shielding layer 7. Next, the magnetic material 9 which has high 
saturation magnetic flux density, for example, the lower magnetic pole which consists of n'ltriding iron (FeN), is 
selectively formed by the thickness of about 2.0-2.5 micrometers on an insulator layer 8. Here, the following 
procedures perform formation of the lower magnetic pole 9. That is, for example, a nitriding iron layer is first forrned 
by sputtering on an insulator layer 8. Then, the lower magnetic pole 9 is selectively formed by etching and carrying 
out patterning of the nitriding iron layer by ion milling, using the mask which has a predetermined configuration and 
construction material. In addition, you may make it use a permalloy (nickel:45 % of the weight, Fe:55 % of the weight) 
and an amorphous alloy as a magnetic material which has the same high saturation magnetic flux density as other, 
for example, nitriding, iron [ iron / above-mentioned / nitriding ] as a formation ingredient of the lower magnetic pole 
9. As this amorphous alloy, a cobalt iron alloy (CoFe). zirconium cobalt iron (ZrCoFe). etc. can be used, for example. 
Here, the lower magnetic pole 9 corresponds to one example of the "2nd magnetic layer" in this invention. 
[0044] Next, after forming the insulator layer which consists of an alumina by the thickness of about 4.0-5.0 
micrometers so that the whole may be covered for example, as shown in drawing 1 . the front face of an insulator 
layer is ground for example, by the CMP method until the lower magnetic pole 9 is exposed, and flattening of the 
whole is carried out. 

[0045] Next, as shown in drawing 1 . the mask procursive layer 110 which consists of an alumina is formed by the 
thickness of about 0.3-0.5 micrometers by sputtering on the lower magnetic pole 9. This mask precursive layer 1 10 
is set to pattern mask 1 0a used In case etching processing of the lower magnetic pole 9 is carried out, and 1 0b 
(refer to drawing 2 ) when patterning is carried out by etching processing in an after process. Next, after forming for 
example, the photoresist film (not shown) on this mask precursive layer 110, patterning of this photoresist film is 
carried out by photolithography processing. Thereby, mask 80a which becomes a position on the mask precursive 
layer 110 from the photoresist film, and 80b are formed selectively. In addition, above-mentioned "position" at the 
time of forming Masks 80a and 8pb is the location where the locations of the edge by the side of the very back of 
for example, mask 80a (only henceforth the "last edge") are the location of the last edge of the MR film 5, and a 
location which is mostly in agreement, and correspond to the formation field of magnetic-path connection 1 4b in . 
which the formation field of mask 80b is formed in an after process. 

[0046] Next, by etching and carrying out patterning of the mask precursive layer 1 10 by reactive ion etching (it only 
being called "RIE" below Reactive Ion Etching;.), using Masks 80a and 80b, as shown in drawing 2 . the pattern 
masks 10a and 10b which consist of an alumina are formed selectively. By using RIE as the etching approach for 
carrying out patterning of the mask precursive layer 110, etching processing can be performed rather than the case 
where ion milting Is used in a short time. In case etching processing by RIE is performed especially, it Is suitable to 
use the etching gas containing either [ at least ] chlorine (CI2) or the 2 chlorination boron (BCI2). By promoting the 
chemical reaction of etching processing in these gas ambient atmospheres, it is because etching processing can be 
performed more in a short time. In addition, mask 80a and the 80b itself will be etched by the above-mentioned 
etching processing (RIE), and such thickness will decrease by it When etching processing is completed, you may 
make it Masks 80a and 80b not remain, and may make it remain (refer to drawing 2 ). 

[0047] Next, as shown in drawing 2 . using the pattern masks 10a and 10b, by ion milling, selectively, about about 
0.3-0.8 micrometers of lower magnetic poles 9 are etched, and they are investigated. Of this etching processing, a 
part of upper part of the lower magnetic poles 9 is removed selectively, and crevice 9J are formed in this part. In 
case etching processing is performed, an ion beam is irradiated from the slanting upper part to the front face of the 
lower magnetic pole 9. and the wall of the above-mentioned concave field makes a slant face. In addition, pattern 
mask 10a and the 10b itself will be etched by the above-mentioned etching processing (ion milling), and such 
thickness will decrease by it When etching processing is completed, you may make it the pattern masks 10a and 
10b remain, and may make it not remain (refer to drawing 2 ). 
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[0048] Next, as shown in drawing 2 . for example, alumina layer 11p is formed in the whole by the thickness of about 
3.0-4.0 micrometers by sputtering so that the whole front face of the concavo-convex field constituted by the 
pattern masks 10a and 10b and crevice 9 J may be covered. ... u 

[0049] Next, the whole front face of alumina layer lip is ground, for example by the CMP method, and as shown in 
drawing 3 , the insulator layer pattern 1 1 which consists of an alumina embedded crevice 9J is fonmed. Polish 
processing at this time is performed until parts other than the concave field of the lower magnetic poles 9 are 
exposed The arrangement field of this insulator layer pattern 1 1 is a field which includes the arrangement field of up 
pole chip 14a formed in an after process and the thin film coil 16. and 19 grades, as shown m drawing 17 R> 7 
mentioned later, the location of the edge by the side of the foremost of the insulator layer pattern 1 Honly 
henceforth a "forefront edge") — about [ for example. / the location of the last edge of the MR film 5 and ] -- I am 
doing one. The location of the forefront edge of the insulator layer pattern 1 1 is the location used as the criteria at 
the time of determining throat height (TH). i.e.. a throat height zero location. (THO location). Here, the insulator layer 
pattern 1 1 corresponds to one example of "the 1st nonmagnetic pattern in this invention. 
[0050] Next as shown in drawing 3 . the record gap layer 12 which consists of an alumina is formed by the 
thickness of about 0.15-0.2 micrometers by sputtering on the flat side after polish. The front face of the record gap 
layer 12 becomes flat over the whole region. In addition, in case the record gap layer 12 is formed, it is made not to 
cover the field (exposed surface on the backside of the lower magnetic poles 9) in which magnetic-path connection 
14b will be formed in an after process. This field is set to opening 12k for connecting the lower magnetic pole 9 and 
the up magnetic pole 14 formed in an after process. Here, the record gap layer 12 conresponds to one example of 
the "gap layer" in this invention. . . . , j • « * 

[0051] Next, the photoresist film of for example, an organic system is selectively fonned in the position on the flat 
record gap layer 12 in the field by the side of a front [ field / of opening 12k (not shown in drawing 10 ) / fonmation ] 
by the thickness of about 1.0 micrometers according to the photolitiiography process of high degree of accuracy. 
Next as opposed to this photoresist film, it heat-b-eats at the temperature of 200 - about 250 degrees. Thereby, as 
the slant face which wore a radius of circle which falls toward the direction of the edge will be made near the edge 
of tiie photoresist film and it showed it to drawing 4 and drawing 10 . the insulator layer pattern 13 which consists of 
photoresist film is formed. The above-mentioned "position" at tfie time of forming the insulator layer pattern 1 3 is a 
location where the forefront edge of tiie insulator layer pattern 13 shifts to tiie backside [ location / of tiie forefront 
edge of the insulator layer pattern 1 1 ]. About about 0.4-0.8 micrometers is suitable for the distance (gap die lengtti) 
from the location of the forefront edge of the insulator layer pattern 1 1 to tiie location of the forefront edge of the 
insulator layer pattern 13. back end section 14of up pole chip 14a an-anged in after process by arranging insulator 
layer pattern 13 in such location on slant surface part by the side of before insulator layer pattern 13 a (3) from 
(refer to drawing 4 ) — while being able to conti-ol propagation (magnetic flux should leak) of the magnetic flux to 
the lower magnetic pole 9 — back end section 14a (3) It is because tiie flow of tiie magnetic flux in the interior can 
be made carried out smoothly. Here, the insulator layer pattern 13 corresponds to one example of tiie 2nd 
nonmagnetic pattern" in this invention. 

[0052] Next as shown in drawing 4 and drawing 10 , up pole chip 14a which constitutes a part of up magnetic pole 
14 is selectively formed in the field applied on the flat record gap layer 12 in the front from tiie slant-face field by 
the side of before the insulator layer pattern 13 by the tiiickness of about 2.5-3.5 micrometers for example, by the 
frame galvanizing method. In case up pole chip 14a is formed, magnetic-patii connection 14b which constitutes a 
part of up magnetic pole 14 is simultaneously fonmed in opening 12k. Up pole chip 14a is what has a flat-surface 
configuration as shown in drawing 17 mentioned later, for example, point 14a (1) which has the constarrt width which 
specifies the recording track widtii of face on a record medium (not shown) sequentially fi"om the side (left-hand 
side in drawing) which serves as tiie air bearing side 90 in a process tiie back Point 14a (1) Pars intermedia 14a 
which has bigger width efface tiian widtii efface (2) Pars intermedia 14a (2) Back end section 14a which has big 
width of face (3) It contains. About tiie structural description of up pole chip 14a. it mentions later. Up pole chip 14a 
corresponds to one example of "the 1st magnetic layer part" in this invention here, and it is point 14a (1). It 
corresponds to one example of the "constant width part" in this invention. / . s j 

[0053] In case up pole chip 14a is formed by tiie frame galvanizing method, tiie electirode layer (not shown) used as 
the seed layer in the electrolysis galvanizing method is first fomied in tiie tiiickness of about 70nm by sputtenng. 
This electi^de layer consists of a permalloy (nickel:45 % of the weight Fe:55 % of the weight) which has for example, 
high saturation magnetic flux density. Next on the above-mentioned electa-ode layer, the photoresist (only 
henceforth a "photoresist") of a positive mold is applied, and the photoresist film (not shown) is fomied. Next it has 
a predetermined flat-surface configuration pattern, for example, the predetemiined field of the photoresist filrn is 
selectively exposed using the photo mask (not shown) which consists of metals, such as chromium. Next the fi^me 
used in case plating processing by the frame galvanizing method is performed (outer frame), i.e.. a photoresist 
pattern, (not shown) is fomied by developing tiie exposure field of tiie photoresist film. This photoresist pattern is 
equipped with opening which has a flat-surface configuration con-esponding to the configuration of the above- 
mentioned exposure field, . . . - . . u- u 
[0054] It is desirable that it carries out by dividing into multiple times using to«o or more kinds of photo masks which 
have opening which does not canv out at once, for example, is different and is made to cany out by putting in block 
the development of after [ appropriate ] and the whole exposure field according to a development process once so 
that selection exposure of the photoresist film may be later mentioned at this time. Especially, with the gestalt of 
this operation, the sequential activity of two kinds of photo masks which have opening which is mutually different 
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for example is carried out to the same photoresist film, and the field of the photoresist film corresponding to the 
flat-surface configuration of opening of each of these photo masks is exposed on the sequential selection target 
over 2 times, respectively. And he is trying to form the photoresist pattern equipped with opening which has a flat- 
surface configuration corresponding to the flat-surface configuration of up pole chip 1 4a by developing the exposure 
field of this photoresist film collectively. 

[0055] Next, after forming a photoresist pattern according to the above-mentioned development process, while 
using as a seed layer the electrode layer formed in the point process, up pole chip 14a which consists of a permalloy 
(for example, nickel:45 % of the weight, Fe:55 % of the weight) which is the magnetic material which has for example, 
high saturation magnetic flux density by the electrolysis galvanizing method is formed by using a photoresist pattern 
as a mask. Then, a photoresist pattern is removed. In addition, formation of magnetic-path connection 14b is also 
performed using the same formation ingredient as a case and the formation approach of up pole chip 14a. You may 
make it use above-mentioned others and nitriding iron, above-mentioned amorphous alloys, etc. (cobalt iron, 
zirconium cobalt iron, etc.) as a formation ingredient of up pole chip 14a and magnetic-path connection 14b. 
[ permalloy / (nickel:45 % of the weight, Fe:55 % of the weight) ] 

[0056] Next, as shown in drawing 5 and drawing 11 , about about 0.3-0.4 micrometers is etched into the whole by 
RIE by using the both sides of up pole chip 1 4a and magnetic-path connection 1 4b (not shown [ magnetic-path 
connection 14b ] in drawing 1 1 R> 1) as a mask. Among the record gap layer 12, the lower magnetic pole 9, and the 
insulator layer pattern 1 1, fields other than the arrangement field of the both sides of up pole chip 14a and 
magnetic-path connection 14b are removed selectively, and are investigated by this etching processing. At this time, 
the part on the backside [ the insulator layer pattern 1 3 ] is also etched and removed. Of this etching processing, 
the magnetic pole part 100 which has trim structure is formed. This magnetic pole part 100 is point 14of up pole 
chip 14a a (1). Point 14of lower magnetic poles 9 a (1) It is constituted by a corresponding part and a part of record 
gap layer 12 pinched by both sides, and these each part has the mutual almost same width efface, processing 
speed when ion milling is generally used for the processing speed at the time of using RIE as the etching approach - 

- being also good — it is quick. For this reason, the magnetic pole part 100 can be formed rather than the case 
where ion milling is used in a short time, by forming the magnetic pole part 100 which has trim structure using RIE. 
In order to form the magnetic pole part 100 especially, in case etching processing by RIE is performed, while using 
the etching gas containing either [ at least ] chlorine or the 2 chlorination boron, it is suitable to adjust working 
temperature so that it may become within the limits of 100 - 200 degrees. In the bottom of such a condition, it is 
because the magnetic pole part 1 00 can be formed more in a short time by promoting the chemical reaction of the 
etching processing to the lower magnetic pole 9 especially. 

[0057] Next, as shown in drawing 5 and drawing 11 . the insulator layer 15 which consists of an alumina is formed in 
the whole by the thickness of about 0.3-0.5 micrometers by sputtering. 

[0058] Next, as shown in drawing 6 , the thin film coil 1 6 of the 1 st layer for the recording heads of the induction 
type which consists of copper (Cu) is selectively formed by the thickness of about 1.0-1.5 micrometers for example, 
by the electrolysis galvanizing method rather than the arrangement field of up pole chip 14a on the fiat insulator 
layer 1 5 in a back field (except for the arrangement field of magnetic-path connection 1 4b). This thin film coil 1 6 has 
the spiral planar structure as shown in drawing 17 mentioned later, for example. In addition, some thin film coils 16 
are illustrated in drawing 6 R> 6. In case the thin film coil 16 is formed, 16s of coil connections is formed on the 
insulator layer 1 5 in the trailer of the inside simultaneous at the thin film coil 1 6 and one. 1 6s of this coil connection 
is for connecting electrically the thin film coil 16 and coil connection 19sa (referring to drawing 8 (A)) formed in an 
after process. 

[0059] Next, as shown in drawing 6 . organic insulating materials, such as the ingredient in which a fluidity is shown 
at the time of heating, for example, a photoresist etc., are formed between each coil of the thin film coil 1 6 (1 6s of 
coil connections is included), and in its boundary region so that it may become a predetermined pattern by 
photolithography processing of high degree of accuracy. Next, as opposed to this photoresist, it heat-treats at the 
temperature within the limits of 200 - 250 degrees. By this, a photoresist flows, between each coil of the thin film 
coil 16 is filled without a clearance, and the insulator layer 17 for insulation-izing between each coil of the thin film 
coil 1 6 is formed, the time of forming an insulator layer 17 — an insulator layer 17 — the top face of the both sides 
of the thin film coil 1 6 and 1 6s of coil connections — not covering — you may make (refer to drawing 6 ) — a wrap 

— it is good even if like. 

[0060] Next, as shown in drawing 6 , for example, alumina layer 18p is formed by the thickness of about 3.0-4.0 
micrometers by sputtering, and the concavo-convex structure field constituted by up pole chip 14a, magnetic-path 
connection 14b, the thin film coil 16, 16s of coil connections etc., etc. is laid underground so that the whole may be 
covered. 

[0061] Next, flattening of the whole front face of alumina layer 18p is ground and carried out, for example by the 
CMP method. Thereby, as shown in drawing 7 , the insulator layer 1 8 which lays thin film coil 1 6 grade underground 
is formed. Polish processing at this time is performed until the both sides of up pole chip 1 4a and magnetic-path 
connection 14b expose. In case surface polish of an alumina is performed, it is desirable to make it the thickness of 
up pole chip 14a for example, after polish set to about 1.5-2.5 micrometers. While being able to prevent that the 
polished surface of a CMP grinder starts blinding unlike the case where ♦*3Me*3MM|e3('5|e^ such as a photoresist, are used 
by using inorganic insulating materials, such as an alumina, as a formation ingredient of an insulator layer 18, the 
fi^ont face after polish can be formed more in smoothness. 

[0062] Next, as shown in drawing 7 , a part of insulator layer 18 which has covered the upper part of 16s of coil 
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connections is etched selectively. RIE or ion milling removes it and opening 18k for connecting coil connection 19sa 
(referring to drawing 8 ) formed in 16s of coil connections and an after process is fornned. 
[0063] Next, as shown in drawing 8 . the thin film coil 19 of the 2nd layer which consists of copper (Cu) is 
selectively formed by the thickness of about 1.0-1.5 micrometers by the same electrolysis galvanizing method of a 
process as the case where the thin film coil 16 of the 1st layer is formed on the insulator layer 18 above the thin 
film coil 16 by which flattening was carried out This thin film coil 19 has the same planar structure as the thin film 
coil 16. In case the thin film coil 19 is formed, simultaneous, on 16s of coil connections in the trailer of the inside, sa 
is formed and wiring connection 1 9sb is formed on the coil connection 1 9 insulator layer 1 8 in the trailer of the 
outside. Coil connection 19sa and wiring connection 19sb make the thin film coil 19 and one. The thin film coil 16 
and the thin film coil 19 are electrically connected through 16s of cojl connections, and 19sa in opening 18k. Here, 
wiring connection 19sb corresponds to one example of the "coil end" in this invention. 

[0064] Next, as shown in drawing 8 . an insulator layer 20 is selectively formed between each coil of the thin film coil 
19 (coil connection 19sa and wiring connection 19sb are included), and in its boundary region using the same 
ingredient as a case and the formation approach of an insulator layer 17. in addition — the case where an insulator 
layer 20 is formed — an insulator layer 20 — the thin film coil 19 and each top face of coil connection 19sa — not 
covering — you may make (refer to drawing 8 ) — a wrap — it is good even if like. Since medium connection 
pattern 14e for contacting this wiring connection 19sb and connecting electrically in an after process is arranged 
above wiring connection 19sb, as for the front face of wiring connection 19sb. it is desirable to make it not covered 
with an insulator layer 20. r ■ i 

[0065] next, it was shown in drawing 8 — as — back end section 14of up pole chip from the upper part of insulator 
layer 18 14a a (3) On the flat side in the field applied up, medium connection 14c which constitutes a part of up 
magnetic pole 14 is selectively formed by the thickness of about 2.0-3.0 micrometers using the almost same 
ingredient as a case and the formation approach of up pole chip 14a and magnetic-path connection 14b. This 
medium connection 14c has a flat-surface configuration as shown in drawing 17 mentioned later, for example. 
Medium connection 14c is back end section 14of up pole chip 14a a (3). A part is overiapped selectively, it contacts 
and both are connected magnetically. 

[0066] In case medium connection 14c is formed, while fonning simultaneously 14d of magnetic-path connections 
which constitute a part of up magnetic pole 14 on magnetic-path connection 14b, medium connection pattern 14e is 
formed on wiring connection 19sb. Since the thin film coil 19 is covered with the insulator layer 20 at this time, 
breakage on the thin film coil 19 under the effect of the etching processing at the time of formation of medium 
connection 14c etc. is avoided. Medium connection pattern 14e is for connecting electrically the thin film coils 16 
and 19 and coil connection wiring 14fh (referring to drawing 9 ) fonmed in an after process. The construction 
material and the formation approach of 14d of magnetic-path connections and medium connection pattern 14e are 
the same as that of cases, such as up pole chip 14a. almost In addition, in case medium connection 14c is formed, it 
is desirable to make it mostly in agreement [ the location of the forefi-ont edge ] with the location of the forefi^ont 
edge of the insulator layer pattern 13 for example. Moreover, for example, the edge section by the side of before 
medium connection 14c makes the slant face which inclined to the flat side of a substrate. Here, medium connection 
pattern 14e corresponds to one example of the "coil connection pattern" in this invention. Moreover, the magnetic- 
path connections 14b and 14d cope with one example of "the 3rd magnetic layer part" in this invention, and the thin 
film coils 16 and 19, 16s of coil connections. 19sa, wiring connection 19sb. and medium connection pattern 14e 
correspond to one example of the "thin film coil section" in this invention. 

[0067] Next as shown in drawing 8 . as the whole is covered, for example, alumina layer 21 p is formed by the 
thickness of about 3.0-4.0 micrometers by sputtering, and the concavo-convex field constituted by medium 
connection 14c, 14d of magnetic-path connections, medium connection pattern 14e, and thin film coil 19 grade is 
laid underground. ^ i l 

[0068] Next, by grinding and carrying out flattening of the whole firont face of alumina layer 21 p, for example by the 
CMP method, as shown in drawing 9 R> 9. the insulator layer 21 which lays thin film coil 19 grade underground is 
formed. Polish processing at this time is performed until medium connection 14c, 14d of magnetic-path connections, 
and medium connection pattern 14e are exposed. Here, insulator layers 17. 18. 20. and 21 correspond to one 
example of the "coil laying-underHhe-ground layer" in this invention, and the insulator layer patterns 1 1 and 13 and 
insulator layers 17, 18. 20, and 21 correspond to one example of the "insulating layer" in this invention. 
[0069] Next, as shown in dra_wing 9 . up yoke 14f which constitutes a part of up magnetic pole 14 is selectively 
formed in the field applied above medium connection 14c fi^om the upper part of 14d of magnetic-path connections 
by the thickness of about 2.0-3.0 micrometers among the fields by which flattening was carried out Besides, section 
yoke 14f is 14f (1) of yoke sections which have a flat-surface configuration as shown in drawing 17 mentioned later, 
and extend to the upper part field of the thin film coils 1 6 and 1 9. 1 4f (1 ) of yoke sections 1 4f (2) of connections 
which extend so that a part of medium connection 14c may be selectively overiapped in the front It contains. About 
the up yoke 14f structural description, it mentions later. Up yoke 14f. in the back part while connecting with the 
lower magnetic pole 9 magnetically through the magnetic-path connections 14b and 14d through opening 12k. in the 
front part up pole chip 14a is magnetically connected through medium connection 14c. By arranging up yoke 14f on 
a flat substrate, it becomes flat [ an up yoke 14f front face ]. 

[0070] In case up yoke 14f is formed, coil connection wiring 14fh is fonmed in the field simultaneously applied to the 
external circuit which is not illustrated from the upper part of medium connection pattern 14e. This coil connection 
wiring 14fh is for connecting electrically medium connection pattern 14e and the external circuit which is not 
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illustrated. The formation ingredient and the formation approach of up yoke 14f and coil connection wiring 14fh are 
the same as that of cases, such as the above-mentioned up pole chip 1 4a, almost. In addition, in case up yoke 1 4f is 
formed, while the forefront edge shifts back and making it located for example, rather than the location of the upper 
bed in the edge side by the side of before medium connection 14c, it is made mostly in agreement [ the location of 
the last edge ] with the location of the magnetic-path connections [14b and 14d ] last edge. The three-dimensional 
structure in the circumference of 1 4f (2) of connections at this time came to be shown in drawing 12 . Here, up yoke 
14c corresponds to one example of "the 2nd magnetic layer part" in this invention, and coil connection wiring 14fh 
corresponds to one example of the "conductive layer pattern" in this invention. Moreover, the up magnetic pole 14 
constituted by up pole chip 14a. medium connection 14c, magnetic-path connectionsb [ 14 ] and 14d, and up yoke 
14f corresponds to one example of the "1st magnetic layer" in this invention. 

[0071] Next, as shown in drawing 9 , the overcoat layer 22 which consists of an alumina is formed by the thickness 
of about 20-40 micrometers by sputtering so that the whole may be covered. Finally, the air bearing side 90 of a 
recording head and the reproducing head is formed according to machining or a polish process, and the thin film 
magnetic head is completed. 

[0072] He Is trying to fomn the photoresist pattern used for formation of up pole chip 14a by performing multiple- 
times exposure to the same photoresist film especially using two or more photo masks by the manufacture approach 
of the thin film magnetic head concerning the gestalt of this operation, as described above. By using the photoresist 
pattern formed by such technique, it Is point 14of up pole chip 14a a (1) especially. It can form in high degree of 
accuracy. Below, with reference to drawin g 13 and drawing 14 , the operation and effectiveness about the formation 
approach and the formation approach of up pole chip 14a which is one of the descriptions of the manufacture 
approach of the thin film magnetic head concerning the gestalt of this operation are first explained to a detail. In 
addition, suppose that it is the same as that of the case of drawing 1 - drawing 12 about each notation about X in 
both drawings, Y, and Z shaft orientations. 

[0073] In drawing 13 , (A) expresses the flat-surface conftguratton of the 1st photo mask 31 used in the 1st 
exposure process, and (B) expresses the flat-surface configuration of the field (1st exposure field 131y) of the 
photoresist film 131 exposed in the 1st exposure process. (C) expresses the flat-surface configuration of the 2nd 
photo mask 32 used in the 2nd exposure process, and (D) expresses the flat-surface conflguration of the field (2nd 
exposure field 132y) of the photoresist film 131 exposed in the 2nd exposure process. In drawing 14 , (A) expresses 
the flat-surface configuration of the photoresist pattern 1 33 obtained by developing the whole exposure field 
(synthetic exposure field 133y) of the photoresist film 131 shown in drawing 13 (D). and (B) expresses the flat- 
surface configuration of up pole chip 1 4a formed using the photoresist pattern 1 33. 

[0074] The 1st photo mask 31 shown in drawing 13 (A) is equipped with opening 31 x which have the flat-surface 
configuration offer example, a T character mold. These opening 31x are point 14of up pole chip 14a (refer to 
drawing 17 ) a (1). The part of large width efface Is included rather than it occupies a constant width part longer 
than a corresponding flat-surface configuration and an after that side. The width of face of this constant width part 
is point 14of up pole chip 14a formed eventually a (1). It is the same as that of width of face Wl. As shown in 
drawing 13 (B), at the 1st exposure process, the 1st photo mask 31 is arranged in the position on the photoresist 
film 131, and the predetermined field of the photoresist film 131 is selectively exposed through opening 31x of the 
1st photo mask 31. 

[0075] the "position" on the photoresist film 131 which arranges the 1st photo mask 31 here — an after process — 
setting — point 14of up pole chip 14a a (1) It is a location corresponding to the location formed. In case the 1st 
photo mask 31 is arranged, it is made to perform alignment to the photoresist film 131 so that the last edge of 
opening 31 x may be located in a front [ "location / P2" (the location of the forefront edge of the insulator layer 
pattern 13; refer to drawing 9 ) ] side. Specifically, It Is point 14of up pole chip 14a a (1). Alignment of opening 31x is 
carried out to the flat field formed on the flat record gap layer 12 among the photoresist film 131, and the 1st 
exposure process is performed so that the whole may be formed on the flat record gap layer 1 2. 
[0076] 1st exposure field 131y is formed in the photoresist film 131 of this 1st exposure process. 1st exposure field 
131y is point 14of up pole chip 14a a (1). Although It is the field which extended back for a long time than a 
corresponding field, it is made as [ come / to a location P2 / the back end edge ]. Thus, amplification of the 
exposure field to the cross direction can be especially prevented for the following reasons by performing the 1st 
exposure process only in the part formed on the flat record gap layer 12 among the photoresist film 131. That is, in 
performing an exposure process on a substrate including a slant surface part, much reflected lights reflected in a 
longitudinal direction or the direction of slant arise from the slant surface part of a substrate. These reflected lights 
will also expose parts of the photoresist film 131 and other than an original exposure field. For this reason, an 
exposure field will be expanded and the part corresponding to the constant width part which has the very minute 
width efface of opening 31x especially will be expanded crosswise. On the other hand, with the gestalt of this 
operation, since the 1 st exposure process is performed on the flat substrate, the amplification inclination of the 
exposure field under the effect of the above reflected lights is controlled. Here, 1st exposure field 131y corresponds 
to one example of the "1st field" in this invention. 

[0077] The 2nd photo mask 32 shown in dra win g 13 (C) is pars intermedia 14a (2) In up pole chip 14a. And back end 
section 14a (3) (refer to drawing 17 ) It has opening 32x which have a corresponding flat-surface configuration. As 
shown in drawing 13 (D). after arranging the 2nd photo mask 32 in the position on the photoresist film 131 which has 
1st exposure field 131y. at the 2nd exposure process, the predetermined field of the photoresist film 131 is 
selectively exposed through opening 32x of the 2nd photo mask 32. 2nd exposure field 132y is formed in the 
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photoresist film 131 of this 2nd exposure process. In case the 2nd photo mask 32 is arranged it is made to perform 
alignment here so that the forefront edge of opening 32x may be located in a front [ "><=f°; / f t^e '^^t 
1st exposure field 131y ] side, thereby - the part on the backside of the 1st exposure field 131y - a field (upper 
part part in drawing), and the part by the side of before 2nd exposure field 132y - a field (lower part partin 
drawing) overlaps selectively, and synthetic exposure field 133y including this duplication field .s formed. The flat- 
surface configuration of this synthetic exposure field 133y is equivalent to the flat-surface configurabon of up pole 
chip 14a. Here. 2nd exposure field 132y corresponds to one example of the 2nd field in this '"mention. 
[0078] Thus with the gestalt of this operation, the exposure processing (exposure processing of the part 
corresponding to point 14a (D) to the photoresist film 131 on a flat substrate and the exposure Processing 
(exposure processing of the part corresponding to pars intermedia 14a (2) and back end section 14a (3)) to the 
photoresist film 131 on a substrate including a slant surface part are divided, and are performed, for this reason, one 
exposure - point 14a (1) . pars intermedia 14a (2) Back end section 14a (3) up to - unlike the case where one- 
shot exposure is carried out. the adverse effect by the reflected light fi-om the slant surface part of a substrate is 

[Ooit^Moreover. with the gestalt of this operation, the adverse effect by defocusing (focal gap) based on the 
difference of the height of a substrate is also avoidable. That is. naturally, since the best focus locations at the time 
of exposure differ, if both are collectively exposed like before, in either or the both sides of a flat part and a slant 
surface part, a focal gap will arise in a flat part and a slant surface part On the other hand, wrth the gestalt of this 
operation, since it exposes independently in a flat part and a slant surface part, exposure in the best focus condition 
in each part is attained. For this reason, sharp patterning becomes possible. ,wax- r ju 

[0080] Finally, the photoresist pattern 133 which has opening 133z as shown in drawing 14 (A) is formed by 
developing synthetic exposure field 133y of the photoresist film 131 collectively. The flat-surface configuration of 
opening 133z is equivalent to the flat-surface configuration of up pole chip 14a. and reflects mostly the flat-surface 
configuration of synthetic exposure field 133y shown in drawing 13 (D). Therefore by enforcing the frame galvanizing 
method using this photoresist pattern 133. as shown in drawing 14 (B). it is point 14a (1) especially. Up pole chip 14a 
can be formed so that width efface may turn into the design width of face W1 and that width o. .ace may „ecome 

fixed over the whole region. . , . u r i 

[0081] Here still more useful operation and effectiveness in the case of using the fonmation approach of up pole 
chip 14a which was described above with reference to djiawinsJS and drawiDgJ.? are explained. 
[0082] Although the die length L10 of the field where 1st exposure field 131y and 2nd exposure field 32y overiap 
was fully secured in the example shown in drawing 13 (D). it is pars intermedia 14a (2). for example. When there is a 
request of wanting to shorten die length, the overiap die length LI 0 is also as short as possible, and it is necessary 
to carry out It is because the adverse effect by the echo from the above-mentioned substrate is nonavo.dable as a 
result of 1st exposure field 131y s approaching on the insulator layer pattern 13 across a location P2 'f this die 
length L10 is too long. Therefore, it is desirable to shorten the die length L10 of the duplication field of both the 
exDOSure field as much as possible. ^ . . . ^ . i l 

[0083] However, when it carries out as [ be / 1st exposure field 131y / only the part of constant width ] as shown 
in d rawing 15 (A) for example, and die length L10 is shortened too much, the following inconvenience arises. Namely. 
asT^sTf circle arises into the back end part of 1st exposure field 1 31 y in the 1st exposure process under the 
effect of the slight reflected light reflected from the front face of the minute concavo-convex field of a substrate 
consequently it was shown in drawing 15 (B) Among opening 133z of the photoresi^ pattern 133 formed eventually 
the width of face of the part corresponding to the duplication part of 1st exposure field 131y and 2nd exposure field 
132y becomes very narrow, and serves as a configuration which was nan-owed down. The part corresponding to the 
above-mentioned duplication part of the photoresist patterns 133 is point 14of up pole chip 14a formed using this 
photoresist pattern 133 a (1). Pars intermedia 14a (2) It is reflected in the configuration for a connection. Namely, 
point 14of up pole chip 14a a (1) Pars intermedia 14a (2) It becomes the configuration in which the joining segment 
was narrow, in such a case, pars intermedia 14a (2) from - point 14a (1) It becomes a serious failure at the time of 

rSairOn^Se^Sher hSid. since 1st exposure field 131y has the T character mold configuration with the gestalt of 
this operation. For example, as shown in drawing 16 (A), even if a radius of circle arises into the back part of 1st 
exposure field 131y A part for the connection of sufficient width of face is formed in the part corresponding to the 
duplication part of 1st exposure field 131y of the photoresist patterns 133 ( drawk^gj^ B)) formed eventually, and 
2nd exposure field 132y. in this case, point 14of up pole chip 14a formed eventually a (1) Pars intermedia 14a (2) 
since the width of face of the part corresponding to a part for a connection is ftjily securable — pars intermedia 14a 
(2) from — point 14a (1) Magnetic flux spreads smoothly. Therefore, sufficient over^ng property is securable. 
[0085] Next, effectiveness other than the above-mentioned point in the manufacture approach of the thin film 
magnetic head concerning the gestalt of this operation is explained. 

[0086] He is trying to use inorganic materials with a comparatively low reflection factor, such as an alumina, as a 
formation ingredient of the mask procursive layer 110 by the manufacture approach of the thin film magnetic head 
concerning the gestalt of this operation. For this reason, photolithography processing is performed to the 
photoresist film arranged on the mask procursive layer 1 10. and when forming Masks 80a and 80b by carrying out 
patterning of the photoresist film, generating of the reflected light reflected from the front face of a substrate (mask 
precursive layer 110) at the time of exposure can be controlled. Therefore, an escape or a cutback of an exposure 
field under the effect of the reflected light etc. is controlled, and Masks 80a and 80b can be formed in high degree of 
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accuracy. 

[0087] Moreover, the alumina used as a formation ingredient of the mask precurstve layer 110 has an etch rate-ed 
slower than charges of soft wood, such as for example, photoresist film. In case the lower magnetic pole 9 is 
selectively etched according to the material property of such an alumina using the pattern masks 10a and 10b 
formed by carrying out patterning of the mask procursive layer 110, the amount into which pattern mask 10a and 
the 10b itself are etched is reduced. For this reason, it is avoidable that parts other than the etching object domain 
of the lower magnetic poles 9 are etched, and the thickness of the lower magnetic pole 9 loses in weight. 
[0088] Moreover, with the gestalt of this operation, since the conditions at the time of performing etching 
processing especially (for example, etching gas, working temperature, etc.) are rationalized using the etching 
processing by RIE as the formation approach of the pattern masks 10a and 10b, and the formation approach of the 
magnetic pole part 100, etching processing can be performed rather than the case where ion milling is used in a 
short time. Therefore, the pattern masks 10a and 10b and the magnetic pole part 100 can be formed in a short time. 

[0089] Moreover, with the gestalt of this operation, as shown in drawing 8 and drawin g 9 , medium connection 
pattern 14e is arranged on wiring connection 19sb. Since it was made for the location of the top face of medium 
connection pattern 14e to become higher than the location of the top face of the both sides of 14d of medium 
connection 14c ****** connections When the front face of an alumina is ground in order to form an insulator layer 
21 after covering at least these each part with an alumina, medium connection pattern 14e can also be exposed with 
the both sides of 14d of medium connection 14c ****** connections. For this reason, in order to connect wiring 
connection 19sb and coil connection wiring 14fh unlike the case where medium connection pattern 14e is not 
formed, the process which removes a part of insulator layer 21. and forms opening becomes unnecessary. And since 
medium connection pattern 14e is formed of the same process as the both sides of medium connection 14c and 14d 
of magnetic-path connections, in order to form medium connection pattern 14e. it does not need a new process. 
Therefore, the number of production processes is reducible. 

[0090] moreover, with the gestalt of this operation, as a formation ingredient of the insulator layers 1 7 and 20 which 
embed between each coil of the both sides of the thin film coil 16 (16s of coil connections is included), and the thin 
film coil 19 (coil connection 19sa and wiring connection 19sb are included) Since organic insulating materials, such 
as a photoresist which shows a fluidity, were used at the time of heating Unlike the case where inorganic insulating 
materials, such as an alumina in which a fluidity is not shown, are used at the time of heating, between each coil of 
the thin film coil 16 and 19 grades can be filled without a clearance, and it can insulate certainly! 
[0091] Moreover, as shown in drawing 5 - drawing 7 , in order to form the magnetic pole part 100 which has trim 
structure with the gestalt of this operation, when performing etching processing by RIE, Since fields other than the 
arrangement field of the both sides of up pole chip 14a and magnetic-path connection 14b are etched uniformly and 
investigated, the location of the front face of the arrangement field of the thin film coil 1 6 is point 1 4of up pole chip 
12a a (1). It becomes lower than a location at the bottom. For this reason, since the insulator layer 18 which has 
sufRcient thickness is an^anged above the thin film coil 16, between the thin film coil 16 and the thin film coils 19 
formed in an after process can be insulated certainly. 

[0092] With reference to <the structure of the thin film magnetic head> next drawing 9 . drawing 1212 , and drawing 
17 . the structure of the thin film magnetic head concerning the gestalt of this operation is explained. 
[0093] Drawing 1 7 expresses the outline of the planar structure of the thin film magnetic head manufactured by the 
manufacture approach of the thin film magnetic head concerning the gestalt of this operation. In addition, in drawing 
12 . the graphic display of insulator layers 17, 18, 20. and 21 and overcoat layer 22 grade is omitted. Moreover, only 
a part for the outermost periphery is illustrated about the thin film coils 16 and 19, only the outermost edge is 
illustrated about the insulator layer pattern 11, and only the part is illustrated about the insulator layer pattern 13. 
Drawing 9 (A) is equivalent to the view cross section which met the IXA-IXA line in drawing 17 . In addition, suppose 
that it is the same as that of the case of drawing 1 - drawing 1616 about each notation about X in dr awi ng 1 7 , Y, 
and Z shaft orientations. 

[0094] As shown in drawing 9 . drawing 12 , and drawing 17 . the location of the forefront edge of the insulator layer 
pattern 11 is the location used as the criteria at the time of determining throat height (TH). i.e., a throat height zero 
location. (THO location). Throat height (TH) is specified as die length from the location (THO location) of the 
forefront edge of the insulator layer pattern 1 1 to the location of the air bearing side 90. Moreover, the "MRHO 
location" in drawing expresses the location of the last edge of the MR film 5. i.e., MR height zero location. MR height 
(MRH) is the die length from MR height zero location to the location of the air bearing side 90. a throat height zero 
location (THO location) and MR height zero location (MRHO location) — about [ for example, ] — I am doing one. 
[0095] The up magnetic pole 14 is constituted by up pole chip 14a [ which was formed separately, respectively ], 
medium connection 14c. magnetic-path connectionsb [ 14 ] and 14d. and up yoke 14f. That is, the up magnetic pole 
14 is the aggregate like these each part. 

[0096] Up yoke 14f is 14f (1) of yoke sections which have a big area for holding the magnetic flux generated with the 
thin film coils 16 and , 19. 14f (1) of yoke sections 14f (2) of connections which have small constant width It contains. 
14f (1) of yoke sections Width of face narrows gradually as it is almost fixed in the way section after that and 
approaches the air bearing side 90 in the front section. 14f (2) of moreover, connections Width of face is larger than 
the width of face of medium connection 14c mentioned later, for example. 14f (2) not only of however, such [ not 
necessarily ] a case but connections You may make it width of face become smaller than the width of fece of 
medium connection 14c. 
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[0097] Medium connection 14c is back end section 14a [ in / it has a rectangle-like flat-surface configuration and / 
in the width of face / up pole chip 14a ] (3). It is larger than width of face. However, the width of face of medium 
connection 14c is back end section 14a (3). You may make it become smaller than width efface. 
[0098] Up pole chip 14a is point 14a (1) to the order from for example, the air bearing side 90 side. Pars intermedia 
14a (2) And back end section 14a (3) It contains. These each part has the rectangle-like flat-surface configuration, 
respectively, for example. Point 14a (1) has almost fixed width of face over that whole region, and this width of face 
demarcates the recording track width of face at the time of record. Pars intermedia 1 4a (2) Width of face is point 
14a (1). It is larger than width efface, and is back end section 14a (3). Width efface is pars intermedia 14a (2). It is 
larger than width of face. Namely, point 14a (1) Pars intermedia 14a (2) The crosswise level difference is formed in 
the joining segment. 

[0099] Pars intermedia 14a in the level difference section of up pole chip 14a (2) Rather than the location offer 
example. THO location (or MRHO location), near level difference side 14ad shifts back, and is located Rather than 
the location of level difference side 12ad. edge side 14ct by the side of before medium connection 14c shifts back, 
is located, and is mostly in agreement with the location of the forefront edge of the insulator layer pattern 13. 
Rather than the location of edge side 14ct. edge side 14ft by the side of up yoke 14f before shifts back, and is 
located. That is, both medium connection 14c and up yoke 14f. it is arranged so that it may separate from the air 
bearing side 90 and may be located. In addition, when not necessarily above, it may be made for the location of an 
arrangement location [ medium connection 14c and / up yoke 14f ] of edge side 14ct to correspond with the 
location of level difference side 14ad. or you may make it its location of the both sides of edge side 14ct and edge 
side 14ft correspond with the location of level difference side 14ad. The core of each cross direction of up yoke 14f 
and medium connection 14c and up pole chip 14a is mutually in agreement 

[0100] Point 14a in up pole chip 14a (1) It is suitable for the include angle gamma In the comer section which a side 
edge side and level difference side Mad cross to make it become within the limits of 90 degrees thru/or 120 
degrees, pars intermedia 14a (2) from — point 14a (1) It is for making the flow of the going magnetic flux carried out 
smoothly- In addition, drawing 1 7 shows the case where an include angle gamma is about 90 degrees. 
[0101] The part by the side of up yoke 14f before is overiapped as selectively as a part of medium connection 14c. 
and is connected magnetically, and a part of medium connection 14c is back end section 14of up pole chip 14a a (3). 
A part is overiapped selectively and it is connected magnetically. On the other hand, a part of up yoke 14f back is 
magnetically connected also with the lower magnetic pole 9 through the magnetic-path connections 14b and 14d in 
opening 12k (not shown in drawing 17 ). That is. the propagation path of magnetic flux, i.e., a magnetic path, is 
formed by connecting the up magnetic pole 14 (up pole chip 14a, medium connection 14c. magnetic-path 
connectionsb [ 14 ] and 14d, and up yoke 14f) and the lower magnetic pole 9. 

[0102] For the insulator layer pattern 11. the location PI of the forefront edge is point 14a (1) in up pole chip 14a. It 
is arranged in a wide range field which is in an extension field, for example, includes the arrangement field (except 
for a magnetic-path connections [ 14b and 14d ] arrangement field) of the both sides of the up magnetic pole 14 
and the thin film coils 1 6 and 1 9 at least The location P2 of the forefront edge retreats rather than the location PI 
of the forefront edge of the insulator layer pattern 1 1 . and the insulator layer pattern 13 is arranged in the lower 
part field of the back part of up pole chip 14a. At drawing 9 (A), drawing 12 . and drawing, 17 . the location P2 of the 
forefront edge of the insulator layer pattern 13 is pars intermedia 14of up pole chip 14a a (2). for example. Back end 
section 14a (3) The case where it is retreating rather than the connection location is shown. 
[0103] As shown in drawing 17 . both the thin film coils 16 and 19 are coil objects which have a spiral flat-surface 
configuration. 16s of coil connections and terminal 16x are formed in the trailer inside the thin film coil 16. and the 
outside trailer, respectively. Both make the thin film coil 16 and one. Coil connection 19sa and wiring connection 
ISsb are formed in the trailer inside the thin film coil 19. and the outside trailer, respectively. Both both make the 
thin film coil 19 and one. The thin film coils 16 and 19 are electrically connected through 16s of coil connections, 
and 19sa. Moreover, medium connection pattern 14e is formed on wiring connection 19sb, and the thin film coils 16 
and 19 and coil connection wiring 14fh are electrically connected through wiring connection 19sb and medium 
connection pattern 14e. It connects with the external circuit which is not illustrated and both the back end sections 
(not shown) of terminal 16x and coil connection wiring 14fh can make now the thin film coils 16 and 19 energize by 
this external circuit 

[0104] It is back end section 14of up pole chip 14a a (3) so that drawing 9 (A), drawing 12 . and drawing 17 may 
show. It is arranged on the flat record gap layer 12, and parts other than a back part are back end section 14a (3). 
The back part is arranged on the slant surface part of the insulator layer pattern 13. 

[0105] Next with reference to drawing 9 (A), drawing 12 . and drawing 17 , an operation of the thin film magnetic 
head concerning the gestalt of this operation is explained. 

[0106] First fundamental actuation of the thin film magnetic head. i.e.. record actuation of the data to a record 
medium, and playback actuation of the data from a record medium are explained briefly. 

[0107] In the thin film magnetic head concerning the gestalt of this operation, if a current flows in the thin film coils 
16 and 19 through the external circuit which is not illustrated at the time of informational record actuation, magnetic 
flux will occur according to this, the magnetic flux generated at this time — up yoke 14f — inside — 14f (1) of yoke 
sections from — 14f (2) of connections Back end section 14of medium connection 14c [ which spreads and is 
magnetically connected with up yoke 14f ], and up pole chip 14a a (3) going — further — pars intemiedia 14a (2) 
fro^ _ point 14a (1) It spreads. Point 14a (1) The spread magnetic flux reaches a part for the point by the side of 
the air bearing side 90 further, and makes the about 12 record gap layer exterior generate the signal field for record. 
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By this signal field, a magnetic-recording medium can be magnetized selectively and information can be recorded. 
[0108] On the other hand, a sense current is passed on the MR film 5 of the reproducing-head section at the time 
of playback. Since the resistance of the MR film 5 changes according to the regenerative-signal field from a 
magnetic-recording medium, it can read the information currently recorded on the magnetic-recording medium by 
detecting the resistance change by change of a sense current. 

[0109] Next, with reference to drawing 9 . drawing 12 . and drawing 1 7 , the characteristic operation and the 
effectiveness of the thin film magnetic head concerning the gestalt of this operation are explained. 
[0110] The insulator layer pattern 11 is arranged in crevice 9 J prepared in the lower magnetic pole 9 in the thin film 
magnetic head concerning the gestalt of this operation. This insulator layer pattern 1 1 functions as a shielding 
material of magnetic flux, and controls the flow (magnetic flux should leak) of the magnetic flux which goes to a 
lower part field from that upper part field. For the insulator layer pattern 11. the forefront edge is point 14a (1) in up 
pole chip 14a. While being located in an extension field, in a back field, it has extended widely covering the cross 
direction and the die-length direction including a part of arrangement field of up pole chip 14a rather than the 
location of the forefront edge. It can control that pass the up pole chip 14a record gap layer 12, and magnetic flux 
spreads to the lower magnetic pole 9 in the field corresponding to the arrangement field of the insulator layer 
pattern 1 1 by existence of this insulator layer pattern 11. 

[01 1 1] It is point 14a (1) that there is no big loss of the magnetic flux which flowed into up pole chip 14a in the 
propagation process of the magnetic flux in the up magnetic pole 14 while fully being able to supply the magnetic 
flux which was generated with the thin film coils 16 and 19 in this thin film magnetic head from these things unlike 
the conventional thin film magnetic head shown in drawing 33 to up yoke 14f without a big loss. It can supply. For 
this, reason, point 14a (1) Required sufficient magnetic flux will reach at a head. Therefore, it becomes possible to 
secure the outstanding over-writing property. Moreover, attainment of magnetic flux other than the recording head 
section, for example, attainment of the magnetic flux to the MR film 5 of the reproducing-head section, can be 
controlled by existence of the insulator layer pattern 1 1. In addition, while the insulator layer pattern 1 1 controls 
that magnetic flux spreads from up pole chip 14a to the lower magnetic pole 9, it can also control that magnetic flux 
spreads fi^om the lower magnetic pole 9 to up pole chip 14a. 

[01 12] Moreover, the field corresponding to field 1 12S in the conventional thin film magnetic head shown in drawing 
33 with the gestalt of this operation. Namely, the field which a part of back end section 14a (3) of up pole chip 14a 
and a part of medium connection 14c overiap. and touches (it is also only hereafter called "a magnetic connected 
surface".) The insulator layer pattern 13 is arranged in field 14S corresponding to 14R so that the record gap layer 
12 other than the insulator layer pattern 1 1 may be touched. This insulator layer pattern 13 as well as the case of 
the insulator layer pattern 1 1 functions as a shielding material of magnetic flux, and controls the leakage of magnetic 
flux. Thus, when the leakage inclination of magnetic flux arranges the insulator layer pattern 13 in remarkable field 
14S. the magnetic-flux shielding effect and interval of the Insulator layer pattern 11 can control more certainly the 
leakage of the magnetic flux in field 14S. This point also contributes to the outstanding reservation of an over- 
writing property. 

[0113] Moreover, point 14a which constitutes up pole chip 14a from a gestalt of this operation (1) Pars intermedia 
14a (2) Back end section 14a (3) Since it was made for each width of face Wl and W2 and W3 to serve as relation of 
W1<W2<W3 The permissible dose of the magnetic flux which can be held in the interior like above-mentioned each 
part (it is only hereafter called "magnetic volume".) Respectively if VI. V2, and V3, the relation of the magnetic 
volume of a between will also be set to V1<V2<V3 by at least each part for this reason, the magnetic flux which 
carried out the flow rate to up pole chip 14a — back end section 14a (3) from — pars intermedia 14a (2) going — 
point 14a (1) in the process to spread, it converges gradually according to a gradual reduction of magnetic volume - 
- having — point 14a (1) ***♦ — sufficient quantity of magnetic flux is supplied. Thus, the saturation phenomenon 
of the magnetic flux in the propagation process of magnetic flux is avoided by rationalizing the magnetic volume like 
each part which constitutes up pole chip 14a. This point also contributes to the outstanding reservation of an over^ 
writing property. 

[0114] Moreover, point 14a in up pole chip 14a since it was made for the location P2 of the forefront edge of the 
insulator layer pattern 13 to retreat with the gestalt of this operation rather than the location PI of the forefront 
edge of the insulator layer pattern 1 1 (1) Magnetic volume is securable proper. For this reason, it sets in the 
propagation process of magnetic flux, and is point 14a (1). The saturation of inner magnetic flux is avoidable. 
[01 15] Moreover, with the gestalt of this operation, since a ferronickel alloy, nitriding iron, or amorphous alloys (a 
cobalt iron alloy, zirconium cobalt iron alloy, etc.) etc. which have high saturation magnetic flux density are used as a 
formation ingredient of the up magnetic poles 14 (up pole chip 14a etc.) and the lower magnetic pole 9, propagation 
of the magnetic flux in the interior of the up magnetic pole 14 and the lower magnetic pole 9 can be carried out 
smoothly. Thereby especially, like [ of the lower magnetic pole 9 which can set the insulator layer pattern 1 1 
caudad / a part of ]. even if a part of thickness of the magnetic layer part which constitutes a magnetic path 
decreases and the area of the passage field of magnetic flux contracts, the saturation of the magnetic flux in this 
part. can be avoided. 

[01 16] Moreover, with the gestalt of this operation, since the slant face was made near the forefront edge of the 
insulator layer pattern 13. it can be carried out smoothly in the flow of the magnetic flux in up pole chip 14a [ / 
above this slant surface part ]. 

[01 1 7] Moreover, with the gestalt of this operation, since the edge side by the side of before medium connection 
14c made the slant face which inclined to the flat side of a substrate, it can be carried out smoothly in the flow of 
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the magnetic flux which flows into up pole chip 1 4a from medium connection 1 4c. 

[0118] Moreover, with the gestalt of this operation, since medium connection 14c and each up yoke 14f forefront 
edge separate from the location of the air bearing side 90 back and it was made to be located, it is avoidable that 
magnetic flux is directly emitted from these parts to the air bearing side 90 side. For this reason, generating of a 
side erasion phenomenon can be prevented. 

[0119] moreover, with the gestalt of this operation, since up yoke 14f was formed on the substrate which carried 
out flattening by polish processing, it comes out and requires forming up yoke 14f in high degree of accuracy. Such 
effectiveness is the same when forming medium connection 14g, 14d of magnetic-path connections, coil connection 
wiring 14fh. etc. on a flat substrate besides up yoke 14f. 

[0120] Although up pole chip 14a was formed through the exposure process of 2 times, it is not necessarily 
restricted to this and you may make it form through 3 times or more of exposure processes by the manufacture 
approach of the thin film magnetic head concerning the gestalt of this operation which is <a modification about the 
manufacture approach of the thin film magnetic headX Also in this case, the same effectiveness as the case of the 
gestalt of the above-mentioned implementation can be acquired. Moreover, you may make it not necessarily form 
through a one-time exposure process not through the exposure process of multiple times about formation of 
magnetic layer parts other than up pole chip 1 4a, for example, medium connection 1 4c, magnetic-path connection 
14b, 14d medium connection pattern 14e, and up yoke 14f, coil connection wiring 14fh, etc. At least, the formation 
approach of a magnetic layer part of passing through the exposure process of the above multiple times is useful, 
when forming on the flat field on the substrate of the magnetic layer parts (for example, up pole chip 14a) 
constituted including the part A (for example, point 14a (1)) which has very minute width of face of having the both 
sides of a slant-face field and a fiat field for Part A When the formation field of a magnetic layer part is flat, in order 
to simplify a formation process, it is desirable to form this magnetic layer part through a oneHJme exposure process. 

[0121] Moreover, although RIE was used with the gestalt of this operation as the etching approach at the time of 
processing the mask precursive layer 1 10 and the magnetic pole part 100. it is not necessarily restricted to this and 
you may make it use ion milling. However, it is suitable to use RIE, if it is going to shorten the time amount which 
etching processing takes as described above. 

[0122] Moreover, although the up magnetic poles 14 of each magnetic layer part which constitutes the thin film 
magnetic head (up pole chip 14a and up yoke 14f etc.), the lower shielding layer 3, the up shielding layer 7, etc. were 
formed by the electrolysis galvanizing method with the gestalt of this operation It is not necessarily restricted to 
this and you may make it form each above-mentioned magnetic layer part by the same technique as the case where 
the lower magnetic pole 9 is formed for example. You may make it form by sputtering. That is, after, forming the 
precursive layer which consists of a predetermined ingredient (for example, nitriding iron) by sputtering for example, 
patterning of the precursive layer is carried out by ion milling using the mask which has a predetermined 
configuration and construction material. In addition, you may make it use RIE besides the above-mentioned ion 
milling as the etching approach in such a case. When using RIE, etching processing can be performed rather than the 
case where ion milling is used in a short time. Moreover, the inconvenience at the time of forming each magnetic 
layer part (loss of weight of the thickness of a magnetic layer part etc.) is avoidable with the same operation as the 
case of the mask precursive layer 110 which consists of the above-tnentioned alumina by using inorganic insulating 
materials, such as an alumina, as a formation ingredient of the mask for carrying out patterning of the precursive 
layer especially. 

[01 23] Moreover, although Masks 80a and 80b were formed by carrying out patterning of the photoresist film by 
photolithography processing with the gestalt of this operation, it is not necessarily restricted to this. After making it 
form Masks 80a and 80b or forming a precursive layer by growing up the plating film by other, for example, 
electrolysis, galvanizing method [ approaches / above ], you may make it form Masks 80a and 80b by performing and 
carrying out patterning of the etching processing to this precursive layer. In addition, you may make it use the thing 
same as the above-mentioned plating film in such a case, or a formation ingredient of a precursive layer as 
formation ingredients, such as up pole chip 14a in the gestalt of the above-mentioned implementation. Moreover, 
you may make it use sputtering and the electrolysis galvanizing method, and may make it use ion milling and RIE as 
the above-mentioned etching approach as a method of forming the above-mentioned precursive layer. 
[01 24] Moreover, although the photoresist was used as a formation ingredient of insulatpr layers 1 7 and 20, it is not 
necessarily restricted to this and you may make it use polyimide resin, SOG (Spin on glass), etc. which show a 
fluidity like a photoresist at the time of heating with the gestalt of this operation. 

[01 25] moreover — although the permalloy which has high saturation magnetic flux density, nitriding iron, or an 
amorphous alloy was used with the gestalt of this operation as a formation ingredient of the up magnetic poles 14 
(up pole chip 14a and up yoke 14f etc.) or lower magnetic pole 9 grade — these — others — for example, you may 
make it use a nickel cobalt iron alloy (FeCoNi) In such a case, it is suitable to, make the rate of each metal 
component in a nickel cobalt iron alloy into about Fe:Co:nickel=40 % of the wetght:30 % of the weight:30 % of the 
weight for example. The nickel cobalt iron alloy which has such a presentation has the above-mentioned permalloy, 
etc. an EQC, or the high saturation magnetic flux density beyond it. 

[01 26] Moreover, although the permalloy which has the presentation of nickel:Fe=80:20 (% of the weight) as a 
formation ingredient of the lower shielding layer 3 and the up shielding layer 7 was used with the gestalt of this 
operation It is not necessarily restricted to this, may make rt use nitriding iron and amorphous alloys (cobalt iron, 
zirconium cobalt iron, etc.), and Or you may make it use the pemialloys (for example, nickel:Fe=45 % of the weight: 
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55 etc. % of the weight etc.) which changed a presentation which was described above. 

[0127] Moreover, with the gestalt of this operation, although sputtering was used as the formation technique, using 
an alumina as a formation ingredient of the record gap layer 12, it is not necessarily restricted to this. You may 
make it use inorganic insulating materials, such as a silicon oxide, others (AIN). for example, alumimium nitride, and a 
silicon nitride, or may make it use non-magnetic metal, such as a tantalum (Ta), a titanium tungsten (WTi). and 
titanium nitride (TIN), as a formation ingredient of the record gap layer 12. [ alumina ] moreover — as the formation 
approach of the record gap layer 12 — CVD (Chemical Vapor Deposition) besides sputtering — you may make it 
use law By forming the record gap layer 12 using such an approach, it can control that a pinhole etc. contains in a 
gap layer. Therefore, this point also contributes to evasion of the leakage phenomenon of the magnetic flux through 
the record gap layer 12. 

[0128] In the thin film magnetic head concerning the gestalt of this operation which is <a modification about the 
structure of the thin film magnetic head> Back end section 14a in field 14S corresponding to [ as shown in drawing 
^2 ] magnetic connected surface 14R in the insulator layer pattern 13 (refer to drawing 9 ). i.e.. up pole chip 14a, (3) 
Although it was made to be arranged only in some lower part fields it is not necessarily restricted to this and was 
shown in drawing 1 8 — as — back end section 14a (3) from — point 14a (1) It extends to the field to apply and you 
may make it arranged. In such a case, by existence of the insulator layer pattern 13. it can respond to the 
arrangement range of the insulator layer pattern 13. and can depend, and the leakage of the magnetic flux from up 
pole chip 14a in a large field to the lower magnetic pole 9 can be controlled. In addition, in extending the 
arrangement field of the insulator layer pattern 13. the forefront edge shifts to the backside [ location / of the 
forefront edge of the insulator layer pattern 11 ]. and it makes it located as described above. Point 14a (1) It is for 
securing magnetic volume proper and avoiding the saturation of the magnetic flux in the interior. 
[0129] Moreover, point 14a in which up pole chip 14a has mutually different width of face with the gestalt of this 
operation as shown in drawing 12 (1) Pars intermedia 14a (2) Back end section 14a (3) Although it was made to be 
constituted by three parts Unless it is not necessarily restricted to this and propagation of the magnetic flux in up 
pole chip 14a is checked, it is possible to change the configuration of up pole chip 14a freely. As shown in drawing 
19 . speciflcally. they are two parts (1), i.e., point 14a. instead of up pole chip 14a. Corresponding point 1 14a (1) This 
point 1 1 4a (1 ) Back end section 1 1 4a which has big width of face (2) You may make it use up pole chip 1 1 4a 
constituted. Also in this case, effectiveness almost equivalent to the case where up pole chip 14a is used can be 
acquired by adjusting the magnetic volume like each part which constitutes up pole chip 1 14a. In addition, although 
drawing 12 and drawin g 19 show the case where at least each each part of up pole chip 14a and up pole chip 1 14a is 
making the shape of a rectangle. It is not necessarily restricted to this and you may make it make conflgurations 
other than the shape of a rectangle. 

[0130] Moreover, although the record gap layer 12 in the boundary region, the lower magnetic pole 9. and the 
insulator layer pattern 1 1 are also etched and it was made to investigate to the whole with the gestalt of this 
operation as shown in drawing 12 when forming the magnetic pole part 100 by etching processing, it is not 
necessarily restricted to this and you may make it Investigate only the field by the side of a front [ location / of the 
forefront edge of the insulator layer pattern 13 ]. as shown in drawing 19 . Of course, you may make it use up pole 
chip 1 4a instead of up pole chip 1 1 4a in drawing 19 . In addition, in drawing 19 . structures other than the above- 
mentioned point are the same as that of the case of drawing 1 2 . 

[0131] Moreover, although the gestalt of this operation explained the case where an up yoke (14f) consisted of 
monolayer structure of a permalloy (refer to drawing 9 ). as it is not necessarily restricted to this and was shown in 
drawing 20 , even if like, it Is good [ an up yoke consists of structure where the laminating of the high saturation- 
magnetic-flux-density material layers 91. such as a permalloy, and the inorganic insulating material layers 92, such 
as an alumina was carried out by turns (21 4f), and ]. By making an up yoke Into such structure, generating of the 
eddy current in a magnetic path can be prevented, and a RF property can be raised. In addition, in drawing 20 , parts 
other than up yoke 214f are the same as that of tiie case of above—mentioned drawing 9 . 

[01 32] Moreover, although the up shielding layer 7 and the lower magnetic pole 9 are formed as another object and 
the insulator layer 8 was arranged among both with the gestalt of this operation, it is not necessarily restricted to 
this and you may make it not arrange an Insulator layer 8 among both. In such a case, the up shielding layer 7 and 
the lower magnetic pole 9 are formed as one. and you may make it become a monolayer. 

[0133] Moreover, although 16s of coil connections and 19sa are arranged in the trailer inside [ each ] the thin film 
coils 16 and 19 and wiring connection 19sb was arranged in the trailer of the outside of the thin film coil 19 with the 
gestalt of this operation It is not necessarily restricted to this, and the coil connection 16 and the arrangement 
location of 19sa are changed outside from the inside, for example, you may make it change the arrangement location 
of wiring connection 1 9sb into the inside from an outside. In such a case, it is desirable to change similariy the 
arrangement location of medium connection pattern 14e and coil connection wiring 14fh with modification of the 
arrangement location of wiring connection 1 9sb. 

[0134] [The gestalt of the 2nd operation], next the gestalt of operation of the 2nd of this invention are explained. 
[0135] First, with reference to drawing 21 - drawing 27 . the manufacture approach of the compound-die thin film 
magnetic head as the manufacture approach of the thin film magnetic head concerning the gestalt of operation of 
the 2nd of this invention is explained. In addition, since it is embodied by the manufacture approach of the thin film 
magnetic head concerning the gestalt of this operation, it combines below and the thin film magnetic head 
concerning the gestalt of this operation is explained. In drawing 21 - drawing 24 , (A) shows a cross section vertical 
to an air bearing side, and (B) shows the cross section parallel to the air bearing side of a magnetic pole part. 
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Drawing 25 - drawing 27 are the perspective views corresponding to main production processes. Here, drawing 25 
corresponds to the condition which showed in drawing 21 , drawing 26 corresponds to the condition which showed in 
drawing 22 , and drawing 27 R> 7 corresponds to the condition which showed in drawing 24 . However, by drawing 
25 . the graphic display of the thin film coil 41 in drawin g 21 and insulator layer 42 grade is omitted, the graphic 
display of the thin film coil 41 in drawing 22 and insulator layers 42 and 44p is omitted, and the graphic display of the 
thin film coil 41 in drawing 24 , insulator layers 42 and 44. and overcoat layer 45 grade is omitted by drawing 27 at 
drawing 26 . In addition, in drawing 21 - drawing 27 » the notation about X in each drawing, Y, and Z shaft 
orientations shall presuppose that it is the same as that of the case of the gestalt of implementation of the above 
1 st, and shall give the same sign to the same part as the component in the gestalt of implementation of the above 
1 st in each drawing. 

[0136] In the manufacture approach of the thin film magnetic head concerning the gestalt of this operation, since 
the process by the place which forms the record gap layer 1 2 (formation of opening 1 2k is included) in drawing 21 is 
even the same as the process shown in drawing 1 in the gestalt of implementation of the above 1 st, the explanation 
is omitted. 

[01 37] With the gestalt of this operation, after forming the record gap layer 1 2, as shown in drawing 21 and drawing 
25 . the thin film coil 41 for the recording heads of the induction type which consists of copper (Cu) is selectively 
formed with the thickness of about 1.0-1.5 micrometers for example, by the electrolysis galvanizing method on the 
fiat record gap layer 1 2 above the insulator layer pattern 1 1 . This thin film coil 41 has the same structural 
description as the thin film coil 1 6 in the gestalt of implementation of the above 1 st. In addition, some thin film coils 
1 6 are illustrated in dra w in g 21 . In case the thin film coil 41 is fonmed. 41 s of wiring connections is formed on the 
record gap layer 12 in the trailer of the inside simultaneous at the thin film coil 41 and one. 41s of this winng 
connection is for connecting electrically the thin film coil 41 and coil connection wiring 43fh (referring to drawin g 
2424 (A)) formed in an after process. Here, 41 s of wiring connections copes with one example of the ''coil end" in 
this invention. 

[0138] Next, as shown in drawing 21 and d rawin g 25 , the insulator layer 42 which consists of a photoresist is 
formed between each coil of the thin film coil 41 (41s of wiring connections is included), and in its boundary region 
so that it may become a predetermined pattern by photolithography processing of high degree of accuracy. In 
addition, the structural description and the formation approach of an insulator layer 42 are the same as that of the 
case of the insulator layers 1 7 and 20 in the gestalt of implementation of the above 1 st. 

[0139] Next, as shown in drawing 21 and drawing 25 , up pole chip 43a which constitutes a part of up magnetic pole 
43 is selectively formed by the thickness of about 2.5-3.5 micrometers for example, by the frame galvanizing method 
on the fiat record gap layer 12 by the side of a front [ field / of the thin film coil 41 / arrangement ]. Besides, 
section pole chip 43a has a flat-surface configuration as shown in drawing 28 mentioned later, and is point 43a (1 ), 
for example. Pars intermedia 43a (2) Right back end section 43a arranged by dissociating crosswise (3) R and left 
back end section 43a (3) Back end section 43a constituted by L (3) It contains. About the structural description of 
up pole chip 43a, it mentions later In case up pole chip 43a is formed, while forming in opening 12k simultaneously 
magnetic-path connection 43b which constitutes a part of up magnetic pole 43, medium connection pattern 43e is 
formed on 41s of wiring connections (not shown [ magnetic-path connection 43b and medium connection pattern 
43e ] in drawing 25 ). This medium connection pattern 43e is for connecting electrically the thin film coil 41 and coil 
connection wiring 43fh formed in an after process. 

[0140] Here, up pole chip 43a corresponds to one example of "the 1st magnetic layer part" in this invention, and 
magnetic-path connection 43b corresponds to one example of "the 3rd magnetic layer part" in this invention. 
Moreover, point 43a (1) It corresponds to one example of the "constant width part" in this invention, and is pars 
intermedia 43a (2). It corresponds to one example of the "Joining segment" in this invention, and is back end section 
43a (3). It corresponds to one example "for a connection" in this invention. Furthermore, medium connection 
pattern 43e corresponds to one example of the "coil connection pattern" in this invention, and the thin film coil 41, 
41s of wiring connections, and medium connection pattern 43e correspond to one example of the "thin film coil 
section" in this invention. 

[0141] In case up pole chip 43a is formed by the frame galvanizing method, unlike the case where up pole chip 14a is 
formed in the gestalt of implementation of the above 1 st, the exposure processing to the photoresist film for forming 
a photoresist pattern is put in block, and it is made to perform it. It is because the whole up pole chip 43a will be 
formed on the fiat record gap layer 1 2 with the gestalt of this operation, so there are few adverse effects by the 
reflected light reflected from the substrate at the time of exposing the photoresist film. About the detail about the 
formation approach of such a photoresist pattern, it mentions later. In addition, the magnetic material which has high 
saturation magnetic flux density, such as a permalloy (nickel:Fe=45 % of the weight: 55 % of the weight), is used like 
cases, such as up pole chip 14a in the gestalt of implementation of the above 1st, as a formation ingredient of up 
pole chip 43a, magnetic-path connection 43b, and medium connection pattern 43e. 

[0142] Next, as shown in drawing 22 and drawing 26 , about about 0.3-0.4 micrometers is etched into the whole by 
the same RIE as the case where the magnetic pole part 100 is formed in the gestalt of implementation of the above 
1st, by using as a mask up pole chip 43a and the photoresist film which was selectively formed in the field on the 
backside [ location / of the forefront edge of an insulator layer 42 ] and which is not illustrated. The record gap 
layer 1 2, the surrounding lower magnetic pole 9, and the surrounding insulator layer pattern 11 of up pole chip 43a in 
the field by the side of a front [ location / of the forefront edge of an insulator layer 42 ] are removed selectively, 
and are uniformly investigated by this etching processing, this time — the two back end sections in up pole chip 
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43a» i.e., right back end section 43a, (3) R and left back end section 43a (3) L and pars intermedia 43a (2) some of 
record gap layers 12 corresponding to surrounded field 14Y and each insulator layer patterns 1 1 are natural — it is 
removed. Of this etching processing, the magnetic pole part 200 which has trim structure is formed. 
[0143] Next as shown in drawing 22 and drawing 26 . for example, alumina layer 44p is formed by the thickness of 
about 3.0-4.0 micrometers by sputtering, and the concavo-convex field constituted by up pole chip 43a. magnetic— 
path connection 43b, medium connection pattern 43e, and thin film coil 41 grade is laid underground so that the 
whole may be covered. 

[0144] Next, by grinding and carrying out flattening of the whole front face of alumina layer 44p, for example by the 
CMP method, as shown in drawing 2323 , the insulator layer 44 which lays thin film coil 41 grade underground is 
formed. Polish processing at this time is performed until up pole chip 43a, magnetic-path connection 43b, and 
medium connection pattern 43e are exposed. A part of insulator layer 44 will be embedded field 43S on the backside 
[ up pole chip 43a ]. Here, insulator layers 42 and 44 correspond to one example of the "coil laying-under-the- 
ground layer" in this invention, and the insulator layer pattern 1 1 and insulator layers 42 and 44 correspond to one 
example of the ''insulating layer'' in this invention. 

[01 45] next, it was shown in drawing 24 — as — back end section 43of up pole chip from the upper part of 
magnetic-path connection 43b 43a a (3) Up yoke 43f which constitutes a part of up magnetic pole 43 is selectively 
formed in the field applied up by the thickness of about about 2.0-3.0 micrometers. Besides, it has the almost same 
structural description as up yoke 14f in the gestalt of implementation of the above 1st section yoke 43f. In case up 
yoke 43f is formed, coil connection wiring 43fh is selectively formed in the field simultaneously applied to the 
external circuit which is not illustrated from the upper part of medium connection pattern 43e. A formation 
ingredient, the formation approach, etc. of up yoke 43f and coil connection wiring 43fh are the same as that of the 
case where up pole chip 43a etc. is formed in the gestalt of implementation of the above 1st. In addition, pars 
intermedia 43a [ in / for example, / in the location of the forefront edge / up pole chip 43a ] in case up yoke 43f is 
formed (2) While making it in agreement with the location of the last edge, the edge side by the side of before [ the ] 
makes a slant face at least. The three-dimensional structure in the up yoke 43f [ at this time ] circumference came 
to be shown in drawing 27. Here, up yoke 43f corresponds to one example of "the 2nd magnetic layer part" in this 
invention, and the up magnetic pole 43 constituted by up pole chip 43a, magnetic-path connection 43b, and up yoke 
43f corresponds to one example of the " 1 st magnetic layer" in this invention. 

[0146] Next, by sputtering, as were shown in drawing 24, and the whole is covered, after forming the overcoat layer 
45 which consists of an alumina, the air bearing side 90 is formed according to machining or a polish process, and 
the thin film magnetic head concerning the gestalt of this operation is completed. 

[01 47] Drawing 28 expresses the outline of the planar structure of the thin film magnetic head manufactured by the 
manufacture approach of the thin film magnetic head concerning the gestalt of this operation. In drawing 28, the 
same sign shall be given to the same part as the component shown in drawing 1 3 in the gestalt of implementation of 
the above 1 st. In addition, in drawing 28, the graphic display of insulator layers 42 and 44 and overcoat jayer 45 
grade is omitted. Moreover, only a part for the outermost periphery is illustrated about the thin film coil 41 . Drawing 
24 (A) is equivalent to the view cross section which met the XXIVA-XXIVA line in drawing 28. 
[01 48] As shown in drawing 28, the up magnetic pole 43 is constituted by up pole chip 43a formed separately, 
respectively, magnetic-path connection 43b, and up yoke 43f. It has the same flat-surface configuration as up yoke 
14f (refer to drawing 9) in the gestalt of implementation of the above 1st, and up yoke 43f is 14f (1) of up yoke 14f 
yoke sections. 14f (2) of and connections 43f (1) of yoke sections corresponding to each 43f (2) of and connections 
It contains. The location of edge side 43ft by the side of up yoke 43f before is mostly in agreement with the location 
of the last edge of for example, up pole chip 43a. 

[0149] Up pole chip 43a is point 14of up pole chip 14a in gestalt of implementation of the above 1st in order from air 
bearing side 90 side a (1). Pars intermedia 14a (2) Back end section 14a (3) (refer to drawing 9) Corresponding point 
43a (1) Pars intermedia 43a (2) Back end section 43a (3) It contains. The core of each cross direction like these 
each part is mutually in agreement. Point 43a (1) In the die-length direction, it has almost fixed width of face. Pars 
intermedia 43a (2) For example, point 43a (1) A part for the anterior part which has bigger width of face than width 
of face, and the trailer which has bigger width of face than the width of face for this anterior part are included. Back 
end section 43a (3) For example, two parts arranged by dissociating crosswise, i.e., right back end section 43a, (3) R 
and left back end section 43a (3) L is included. Right back end section 43a (3) R and left back end section 43a (3) L 
is point 43a (1). And pars intermedia 43a (2) It is arranged in the object location about the center line A passing 
through a core, and each configuration has become bilateral symmetry on the basis of the center line A. back end 
section 43a (3) specified by these two parts width of face — for example, pars intermedia 43a (2) about [ the width 
of face of a trailer, and ] — I am doing one. Point 43a (1) Pars intermedia 43a (2) Pars intermedia 43a [ in / the 
crosswise level difference is formed in the joining segment and / this joining segment ] (2) For example, rather than 
THO location (or MRHO location), near level difference side 43ad shifts back, and is located. As shown in drawing 24, 
up pole chip 43a has extended on the flat record gap layer 1 2. 

[0150] f, as shown in drawing 24 (A) and drawing 28, while up yoke 43f is magnetically connected with the lower 
magnetic pole 9 through magnetic-path connection 43b in opening 12k, as shown in drawing 24 (A), drawing 27, and 
drawing 28. it overiaps selectively a part of up pole chip 43a (back end section 43a (3)), and it is connected 
magnetically. That is. the magnetic path is formed by connecting the up magnetic pole 43 (up pole chip 43a. 
magnetic-path connection 43b, and up yoke 43f) and the lower magnetic pole 9. 

[0151] As shown in drawing 28, the thin film coil 41 and 41s of wiring connections have the same structural 
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description as the thin film coil 16 in the gestalt of implementation of the above 1st, and 16s of coil connections. 
The thin film coil 41 is connected to coil connection wiring 43fh and an electric target through medium connection 
pattern 43e. It connects with the external circuit which is not illustrated and terminal 41 x and the part behind coil 
connection wiring 43fh (not shown) which were established in the trailer of the outside of the thin film coif 41 can 
make the thin film coil 41 energize through this external circuit now. 

[0152] In addition, the structural description about arrangement objects other than the above shown in drawing 28 is 
the same as that of the case (drawing 1 3) of the gestalt of implementation of the above 1 st. 

[01 53] The field corresponding to [ unlike / as the gestalt of this operation showed to drawing 9 / the case of the 
gestalt of implementation of the above 1st ] field 14S, i.e.. back end section 43a of up pole chip 43a. (3) In case 
etching processing for forming the magnetic pole part 200 in field 43S corresponding to magnetic connected surface 
43R which up yoke 43f overiaps and touches is performed, the insulator layer pattern 1 3 is not arranged. He is trying 
to embed a part of insulator layer 44 which lays thin film coil 41 grade under the field 43Y which is a part of field 
43S with the gestalt of this operation. A part of insulator layer 44 embedded at field 43Y bears the role which 
controls the leakage of the magnetic flux in field 43S instead of the insulator layer pattern 13. For this reason, even 
if it does not arrange the insulator layer pattern 13 by existence of the insulator layer 44 embedded at field 43Y, the 
leakage of the magnetic flux in field 43Y can be controlled according to the following operations. That is, the leakage 
inclination of the magnetic flux in field 43S becomes remarkable in the central field (field containing field 43Y) 
especially. In the propagation process of the magnetic flux from up yoke 43f to up pole chip 43a, it is because 
magnetic flux is concentrated on the central field of field 43S and it flows. For this reason, concentration of the 
magnetic flux in the above-mentioned central field can be controlled by embedding a part of insulator layer 44 at 
field 43Y. 

[0154] moreover, as the gestalt of this operation showed to drawing 9, drawing 27, and drawing 28. it be back end 
section 43of up pole chip 43a a (3). since it be made to be constitute by two parts (right back end section 43a(3) R 
and left back end section 43a (3) L) arrange by dissociate crosswise, an over^writing property can be raise 
according to the following operations. Namely, the magnetic flux generated in the thin film coil 41 in the time of 
informational record actuation spreads the inside of up yoke 43f. and is back end section 43of up pole chip 43a a (3). 
R and back end section 43a (3) It flows into L almost uniformly. And the magnetic flux which flowed into both parts 
is pars intermedia 43a (2). It spreads, joins there and is point 43a (1) further. It spreads. By constituting the 
propagation path of such magnetic flux, the saturation phenomenon of the magnetic flux at the time of magnetic flux 
flowing into a small field (pars intemriedia 43a (2)) especially from the big field (back end section 43a (3)) of magnetic 
volume can be controlled. For this reason, the propagation loss of the magnetic flux in the interior of up pole chip 
43a is reduced, and it is point 43of up pole chip 43a a (1). It can make it possible to reach the magnetic flux of 
required sufficient amount. 

[0155] Moreover, he is trying to form medium connection pattern 43e with the gestalt of this operation according to 
the same process as the process which forms up pole chip 43a in the upper part of 41s of wiring connections 
established in the edge of the thin film coil 41. For this reason, according to the same operation as the case where 
medium connection pattern 14e (refer to drawing 8 and drawing 9) is formed in the gestalt of the 1st operation of 
the above, the process for connecting the thin film coil 41 and coil connection wiring 43fh can be simplified, and 
production processes can be reduced. 

[0156] Moreover, with the gestalt of this operation, since the edge side by the side of up yoke 43f before made the 
slant face, it can be carried out smoothly in the flow of the magnetic flux which flows into up pole chip 43a from up 
yoke 43f 

[0157] Next, with reference to drawing 29. the formation approach of up pole chip 43a in the gestalt of this 
operation is explained to a detail. 

[0158] He is trying to form the photoresist pattern used for formation of up pole chip 43a by performing exposure 
processing once to the photoresist film by the manufacture approach of the thin film magnetic head concerning the 
gestalt of this operation unlike the case where the gestalt of implementation of the above 1st set and up pole chip 
14a is formed When the substrate (record gap layer 12) in the arrangement field of up pole chip 43a is flat up pole 
chip 43a can be formed with a sufficient precision by passing through an exposure process once. Hereafter, this 
point is explained as a core. 

[0159] In drawing 29, (A) expresses the flat-surface configuration of the photo mask 51 used in an exposure 
process, and (B) expresses the field (exposure field 151y) of the photoresist film 151 exposed by the exposure 
process. (C) expresses the flat-surface configuration of the photoresist pattern 1 52 obtained by developing 
exposure field 151y shown in (B). and (D) expresses the flat-surface configuration of up pole chip 43a formed using 
the photoresist pattern 152. 

[0160] The photo mask 51 shown in drawing 29 (A) is equipped with opening 51x which have a configuration 
corresponding to the flat-surface configuration of up pole chip 43a. At the exposure process in the gestalt of this 
operation, first, by performing exposure processing using this photo mask 51. as shown in drawing 29 (B). exposure 
field 151y which has a flat-surface configuration corresponding to opening 51x is formed in the photoresist film 151. 
Since exposure processing at this time is perfonmed on a flat substrate, generating of the reflected light reflected in 
a longitudinal direction or the direction of slant from a substrate will be controlled, and the amplification inclination 
of an exposure field will also be controlled in connection with this. Especially, with the gestalt of this operation, since 
it became depressed to the back field of up pole chip 43a and the part (field 43Y; refer to drawing 29 (D)) is 
prepared, partial 51a corresponding to the above-mentioned hollow part of the photo masks 51 becomes the 
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protection-from-light section, and the total amount of the exposure light irradiated to the part corresponding to 
field 43S of the photoresists 151 decreases. For this reason, the quantity of light of the reflected light reflected 
from a substrate also decreases, and the amplification inclination of the exposure field resulting from this reflected 
light is controlled as a result, namely. — it is possible to perform highly precise exposure to the photoresist film 151 
— becoming — especially — point 43of up pole chip 43a among photoresist film 151 a (1) Amplification of the 
exposure field of a corresponding part can be prevented effectively. 

[0161] Next, by developing exposure field 151y of the photoresist film 151, as shown in drawing 29 (C), the 
photoresist pattern 152 which has opening 152z is formed. The flat-surface configuration of this opening 152z is 
equivalent to the flat-surface configuration of up pole chip 43a. Next, up pole chip 43a (drawing 29 (D)) is formed by 
performing a plating process using the photoresist pattern 152. Thus, point 43of formed up pole chip 43a a (1) will 
have the same geometrical description as point 14of up pole chip 14a in gestalt of implementation of the above 1st 
a (1). Namely, point 43of up pole chip 43a a (1) It will have very minute constant width over the whole region. 
[01 62] In addition, when forming up pole chip 43a. it must not necessarily pass through an exposure process once, 
and you may make it form up pole chip 43a through the exposure process of the count beyond 2 times or it, as 
explained in the gestalt of implementation of the above 1 st. and its modification, especially — the gestalt of this 
operation — also setting — point 43of up pole chip 43a among photoresist film 151 a (1) By performing exposure 
processing of a corresponding part separately from other parts (pars intermedia 43a (2) etc.) Since the absolute 
magnitude of the exposure light irradiated by the photoresist film 151 can be reduced, it is point 43of up pole chip 
43a a (1 ) as a result. It can form in high degree of accuracy more. 

[0163] In addition, since operations, effectiveness, modifications, etc. other than the above about the manufacture 
approach of the thin film magnetic head concerning the gestalt of this operation are the same as that of the case of 
the gestalt of implementation of the above 1st, the explanation is omitted. 

[01 64] As mentioned above, although the gestalt of some operations was mentioned and this invention was 
explained, this invention is not limited to the gestalt of these operations, but various deformation is possible for it 
For example, although it was made not to arrange the insulator layer pattern 13 (to refer to drawing 12) in the 
gestalt of implementation of the above 1st with the gestalt of implementation of the above 2nd Back end section 
43a [ in / as it is not necessarily restricted to this and was shown in drawing 30 / up pole chip 43a ] (3) The 
insulator layer pattern 13 is formed in a lower part field, and it is back end section 43a (3). You may make it a part 
mn aground on the insulator layer pattern 13. In such a case, both the depressor effect over the leakage of the 
magnetic flux at the time of [ each ] explaining in the gestalt of the 1st and the 2nd operation is enjoyable. 
Therefore, the overwriting property of the thin film magnetic head can be raised more. In addition, it must be made 
for a part of up pole chip 43a necessarily not to have to run aground on the insulator layer pattern 13 in such a 
case, and the whole up pole chip 43a may be made to be arranged on a flat side [ in / a before / the insulator layer 
pattern 1 3 / side field ]. 

[01 65] Moreover, for example, in the gestalt of each above-mentioned implementation, and its modification, although 
the manufacture approach of the compound-die thin film magnetic head was explained, this invention is applicable 
also to the thin film magnetic head which has the thin film magnetic head only for records and the induction type 
MAG sensing element of record / playback combination which have an induction type MAG sensing element for 
writing. Moreover, this invention is applicable also to the thin film magnetic head of the structure where read with 
the component for writing and the built-up sequence of the component of business was reversed 
[0166] 

[Effect of the Invention] As explained above, according to the manufacture approach of the thin film magnetic head 
given in any 1 term of the thin film magnetic head given in any 1 term of claim 1 thru/or claim 1 1 or claim 12 
thru/ or claim 24 While laying the 1 st nonmagnetic pattern with which the location of the forefront edge specifies the 
location of the forefront edge of an insulating layer while making a part of insulating layer under the crevice 
established in the part of the side which touches the gap layer of the 2nd magnetic layer Since it was made for the 
forefront edge to be located in the extension field of the constant width part of the extension fields of the 1st 
magnetic layer part Propagation of the magnetic flux from that upper part field to a lower part field, i.e.. the leakage 
of magnetic flux, is controlled by existence of this 1st nonmagnetic pattern, and the propagation loss of the 
magnetic flux in the propagation process of magnetic flux can be reduced by it. Therefore, the effectiveness that 
the outstanding over-writing property is securable is done so. 

[01 67] According to the manufacture approach of the thin film magnetic head according to claim 2 or the thin film 
magnetic head according to claim 1 3. especially Furthermore, since it vyas made to make the 2nd nonmagnetic 
pattern which makes a part of insulating layer extend so that the field where the 1 st nonmagnetic pattern in a gap 
layer touches may be touched in the field of an opposite hand The effectiveness that propagation of the magnetic 
flux between the 1st magnetic layer and the 2nd magnetic layer can be controlled, and propagation of the magnetic 
flux from the 1 st magnetic layer to the 2nd magnetic layer can be especially controlled by existence of this 2nd 
nonmagnetic pattern is done so. It will contribute to the reservation of an over-writing property, excellent also in this 
point. 

[0168] Moreover, since the slant face where the front face near the forefront edge of the 2nd nonmagnetic pattern 
Inclined to the front face of a gap layer was made according to the thin film magnetic head according to claim 3, the 
effectiveness of the ability to make the flow of the magnetic flux in the 1 st magnetic layer part above this 2nd 
nonmagnetic pattern carried out smoothly is done so. 

[0169] Moreover, according to the thin film magnetic head according to claim 4, the location of the forefront edge of 
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the 2nd nonmagnetic pattern is retreating in the die-length direction rather than the location of the forefront edge 
of the 1st nonmagnetic pattern. Since the 1st magnetic layer part applies on the slant face of the 2nd nonmagnetic 
pattern and it was made to extend from on the field where a gap layer is flat The effectiveness that propagation of 
the magnetic flux from the 1st magnetic layer part in the arrangement field of the 2nd nonmagnetic pattern to the 
2nd magnetic layer can be controlled is done so, securing the magnetic volume In the constant width part of the 1st 
magnetic layer part. 

[0170] Moreover, since the part of the insulating layers was embedded to the field surrounded by the amount of 
[ the joining segment in the 1st magnetic layer part, and ] at least two connections according to the manufacture 
approach of the thin film magnetic head according to claim 7 or the thin film magnetic head according to claim 19 
propagation of the magnetic flux from the 1st magnetic layer part to the 2nd magnetic layer can be controlled That 
IS the effectiveness that the leakage of magnetic flux is controlled by a part of insulating layer embedded to the 
above-mentioned field is done so. It will contribute to the reservation of an over-writing property excellent also in 
this point. 

[01 71] Moreover, since it was made for either [ at least ] the 1st magnetic layer or the 2nd magnetic layer to 
consist of an ingredient containing either a fen-onickel alloy or nrtriding iron according to the manufacture approach 
of the thin film magnetic head according to claim 9 or the thin film magnetic head according to claim 22 the 
effectiveness of the ability to make propagation of the magnetic flux In one [ at least ] interior of the 1st magnetic 
layer and the 2nd magnetic layer carried out smoothly is done so. 

[0172] Moreover, according to the manufacture approach of the thin film magnetic head according to claim 10 or 1 1 
or the thm film magnetic head according to claim 23 or 24 Since it was made for either [ at least ] the 1st magnetic 
layer or the 2nd magnetic layer to consist of an ingredient containing amorphous alloys, such as a cobalt Iron alloy 
or a zirconium cobalt iron alloy The effectiveness of the ability to make propagation of the magnetic flux in one [ at 
least J interior of the 1st magnetic layer and the 2nd magnetic layer carried out smoothly is done so. 
[0173] According to the manufacture approach of the thin film magnetic head according to claim 17. the slant face 
where the front face near the forefront edge of the 2nd nonmagnetic pattern inclined to the front f^o Qf a rr^r. layer 
Moreover, nothing. [ when at least the part of those for the joining segment of the 1 st magnetic layer part and^a 
connection is arranged on the slant face of this 2nd nonmagnetic pattern ] The process in which It forms a 
photoresist layer as the process which forms the 1st magnetic layer part covers the field where a gap layer is flat at 
least, and the slant-face field of the 2nd nonmagnetic pattern. The 1st exposure process which exposes selectively 
the 1st field which includes the field corresponding to the flat-surface configuration of a constant width part among 
the photoresist layers in the field where a gap layer is flat. The 2nd exposure process which exposes selectively the 
Znd field con-esponding to the flat-surface configuration for a joining segment and a connection at least among the 
photoresist layers in the field applied to the field where a gap layer is flat from the slant-face field of the 2nd 
nonmagnetic pattern. The process which forms a photoresist pattern by developing the 1st field of the photoresist 
layers, and the field of the both sides of the 2nd field collectively. Since it was made to include the process which 
fornis a part for a constant width part a joining segment and a connection in one using a photoresist pattern When 
fonming the 1st magnetic layer part on the substrate which is not flat the adverse effect by the reflected light from 
the substrate in a photolithography process is avoided, and the effectiveness that the 1st magnetic layer part can 
be formed in high degree of accuracy is done so. 

[01 74] Moreover, according to the manufacture approach of the thin film magnetic head according to claim 1 8 in the 
2nd exposure process, since it was made for the 1st field and 2nd field to overiap selectively, the effectiveness that 
the effect by the reflected light from a substrate can be fomied in a photolithography process so that it may 
rnf-f^^A^ configuration as a design mostly about the 1st magnetic layer part at a carrier beam case is done so 
101 75J According to the manufacture approach of the thin film magnetic head according to claim 21 moreover 
further The process which fomis the coil connection pattern which makes a part of thin film coil section on the coil 
end prepared in the edge of the thin film coil section while forming the 3rd magnetic layer part at the same time it 
forms the 1st magnetic layer part The process which forms the coil laying-under-the-ground layer which makes a 
part of insulating layer so that the 1st magnetic layer part, the 3rd magnetic layer part and a coil connection 
pattern may be covered at least The process to which flattening of the front face of a coil laying-under-the-ground 
layer is ground and carried out until the 1st magnetic layer part the 3rd magnetic layer part, and a coil connection 
pattern are exposed at least Since it was made to include the process which forms a conductive layer pattern so 
that It may connect with the exposed surface and the electric target of a coil connection pattern while forming the 
2nd magnetic layer part on the flat side after polish so that It might connect with both exposed surfaces and 
magnetic targets of the 1st magnetic layer part and the 3rd magnetic layer part Unlike the case where a coil 
connection pattern is not fonmed on a coil end. in order to connect a coil end and a conductive layer pattern 
electrically, the process which removes a part of coil laying-under-the-ground layer, and forms a part for opening 
becomes unnecessary. Therefore, the effectiveness that the number of production processes Is reducible is done 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining one process in the manufacture approach of the thin film magnetic 

head concerning the gestatt of operation of the 1st of this invention. 

[Drawing 2] It is a sectional view for explaining the process following drawing 1 . 

[Drawing 3] It is a sectional view for explaining the process following drawing 2 . 

[Drawing 4] It is a sectional view for explaining the process following drawing 3 . 

[Drawing 5] It is a sectional view for explaining the process following drawing 4 . 

[Drawing 6] It is a sectional view for explaining the process following drawing 5 . 

[Drawing 7] It is a sectional view for explaining the process following drawing 6 . 

[Drawing 8] It is a sectional view for explaining the process following drawing 7 . 

[Drawing 9] It is a sectional view for explaining the process following drawing 8 . 

[Drawing 10] It is a perspective view corresponding to the sectional view shown in drawing 4 . 

[Drawing 1 1 ] It is a perspective view corresponding to the sectional view shown in drawing 5 . 

[Drawing 12] It is a perspective view corresponding to the sectional view shown in drawi ng 9 . 

[Drawing 1 3] It is a top view for explaining the formation process of the up pole chip in the manufacture approach of 
the thin film magnetic head concerning the gestalt of operation of the 1 st of this invention. 
[Drawing 14] It is a top view showing the process following drawing 13 . 

[Drawing 1 5] They are other top views for explaining the trouble of the example of a comparison over the gestalt of 
the 1 st operation. 

[Drawing 16] It is a top view for explaining an operation of the gestalt of the 1st operation. 

[Drawing 1 7] It is a top view showing the planar structure of the thin film magnetic head concerning the gestalt of 
operation of the 1 st of this invention. 

[Drawing 1 8] It Is a perspective view showing the modification of the thin film magnetic head concerning the gestatt 
of operation of the 1 st of this Invention. 

[P_!:«iyvingJJl] It Is a perspective view showing other modifications of the thin film magnetic head concerning the 
gestalt of operation of the 1st of this invention. 

[Drawing 20] It is a perspective view showing the modification of further others of the thin film magnetic head 
concerning the gestalt of operation of the 1st of this Invention. 

[Drawing 21] It Is a perspective view for explaining the modification of the formation approach of the 2nd mask in 
the gestalt of operation of the 1 st of this invention. 

[Drawing 22] It is a perspective view for explaining the process following drawing 21 . 

[Pliwjngj23] It is a perspective view for explaining the process following drawing 22 . 

[Drawing 24] It is a perspective view for explaining the process following drawing 23 . 

[Drawing 25] It Is a perspective view corresponding to the sectional view shown in drawing 21 . 

[Drawing 26] It is a perspective view corresponding to the sectional view shown in drawing 22 . 

[Drawing 27] It is a perspective view corresponding to the sectional view shown in drawing 24 . 

[Drawing 28] It is a top view showing the planar structure of the thin film magnetic head concerning the gestalt of 

operation of the 2nd of this invention. 

[Drawing 29] It is a top view for explaining the formation process of the up pole chip in the manufacture approach of 
the thin film magnetic head concerning the gestalt of operation of the 2nd of this invention. 

[Drawlng gO] It is a perspective view showing the modification of the thin film magnetic head concerning the gestalt 
of operation of this Invention. 

[Drawing 31] It is a sectional view for explaining one process of the manufacture approach of the conventional thin 
film magnetic head. 

[Drawing 32] It Is a sectional view for explaining the process following drawing 31 . 
[Drawing 33] It is a sectional view for explaining the process following drawin g 32 . 

[Drawing 34] It is a sectional view showing the important section structure of the conventional thin film magnetic 
head. 

[Drawing 35] It is the sectional view showing a cross section parallel to the air bearing side of the magnetic pole 
part in the thin film magnetic head shown in drawing 34 . 

[Drawing 36] It is the top view showing the structure of the conventional thin film magnetic head. 
[Description of Notations] 
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1 [ — Shielding gap film. ] — A substrate. 2 — An insulating layer, 3 — 4 A lower shielding layer, 6 5 [ — Insulator 
layer, ] — MR film. 7 — An up shielding layer, 9 — A lower magnetic pole, 8, 1 1. 1 5, 1 7, 18. 18p, 20, 21, 21 p. 42. 44. 
44p 9J — A crevice. 10a, 10b — 1 1 A pattern mask, 13 — Insulator layer pattern. 12 — A record gap layer. 12k. 
18k — 14 Opening. 43 — Up magnetic pole. 14a. 43a — An up pole chip and 14a (1) 43a (1) — Point, 14a (2) 43a (2) 

— Pars intermedia and 14a (3) 43a (3) — Back end section. 14b. 14d, 43b — A magnetic-path connection. 14c — A 
medium connection. 14f, 43f. 21 4f — Up yoke. 14f (1) and 43f (1) — The yoke section and 14f (2) 43f (2) — 
Connection, 14e, 43e — A medium connection pattern. 14fh. 43fh — Coil connection wiring, 14R, 43R — A magnetic 
connected surface. 16, 19. 41 — A thin film coil, 16s, 19sa — Coil connection, 19sb(s). 41s — 22 A wiring 
connection, 45 — An overcoat layer, 31 — The 1st photo mask. 31x, 32x, 51x. 133z, 152z — Opening, 32 — The 
2nd photo mask. 43a (3) R — The right back end section and 43a (3) L — The left back end section, 51 — Photo 
mask. 80a, 80b — A mask, 90 — An air bearing side, 91 — High saturation-magnetic-flux-density material layer. 92 

— An inorganic insulating material layer, 100.200 — A magnetic pole part, 110 — Mask procursive layer, 131,151 [ - 

— A photoresist pattern. 133y / — A synthetic exposure field. 151y / — An exposure field. TH / — Throat height, 
MRH — MR height. ] — The photoresist film, 131y — The 1st exposure field, 132y — The 2nd exposure field, 
133,152 
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[ Drawing 1 6 ] 
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[ Drawing 9] 
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[Drawing 13] 
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[Drawing 14] 
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[Drawing 1 9] 
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[Drawing 27] 
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[Drawing 32] 
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